Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



p 



Xibtact 

of tbe 

Tflnlvecett!; of vnieconetn 



:i 



syGooi^lc 



Google 



Digitized oyVjOOQ I C 



Goot^lc 



Digitized oyVjQOQ I C 



BRITISH PROGRESS IN PUMPS 
AND PUMPING ENGINES 



wGoOglc 



wGoOglc 



NATIONAL ENGINEERING 
AND TRADE LECTURES 

ASSISTED BY THE BOARD OF TRADE, COLONIAL AND FOREIGN 

OFHCES, COLONIAL GOVERNMENTS, AND LEADING 

TECHNICAL AND TRADE INSTITUTIONS 

Edited by BEN H. MORGAN 
VOLUME II 

British Progress in Pumps 
and Pumping Engines 

BY 

PHILIP R. BJ6RLING 

CotaulHng EnginMr, AitOw «/ " Pumps an4 Pump* Uotori ; " 
" Pvmpt : tittir Omtfmelian attd Ua»a(tm*nt," tie. 



All rigits rtitrvtd 



LONDON 

ARCHIBALD CONSTABLE is? CO Ltd 

1 6 JAMES STREET HAYMARKET 

190S 



ly Google 



wGoOglc 



108559 

JUL 23 1007 


SYK 

■B 



C'T^'^X^c 



CONTENTS 

PAGE 
INTRODUCTION, DEFINITION AND SCOPE OF LECTURE i 

PUMPS WORKED BY HAND 7 

" Daodo " dia[diiagiQ pomp— Odourless pomp. 

PUMPS DRIVEN BY WATER POWER .... 8 

Henry Davey, leu HOke Mine^ Japan—Undershot mter-irtieel 
Dnplez hydraulic andagnnmd pumjnng engine by HathcHrn, 
Davey & Co., and single^cting plnnger pomp by E. and H. 
Roberts — ^Doable set of {danger pomps and nndersfaot watet- 
wbed by E. and H. Roberts. 



WIND-POWER PUMPS 

Sdid-whed wind engine by £. and H. Roberts— Syphon 
pomp 1^ E. and H. Roberts — Qnadmple semi-rotary panq> by 
Dnke & Ockenden— Sectional-iriieel wind engine by John 
Wallis Tltt — Difier^tial or backet-and-[duiger pnmp by John 
. Wallis Utt— Dash wheel by Jdm Wallis Titt— Simfdez geared 
wind engine by John WalUs Titt 

GAS AND OIL ENGINE PUMPS 

Gas engine and vertical two-throw pfamgef pomps by Crosdey 
&0S.— Hoiuontal engine and vertical sin^acting {dnng«r 
pomps by Cnnsley Bros.— Vertical engine and sngte-acting 
vertical {danger pomp by Ooasl^ Bios. — ^Horinatal eaigine 
and centrifugal pomp by Ciossley Bios. — OH engine and pomp 
combined by James B. Petter— Engine and pomp coml»ned by 
Richard Homsby & Sons— Grantham Waterworks pam{ttng 
eo^ne by Richard Homsby ft Sons — Horizcmtal oil engine and 
pnmps by Rnston, Proctor ft Co. — ^Hoiifontal oil Kigine and 
vertical tbree'throw pon^ by Rnston. Proctor & Co.— Oil 
engine and centrifogal pnmpe by Roston, Proctor & Co. 



ly Google 



CONTENTS '^ 

PAGE 

HOT AIR PUMPS 23 

Rider's Hot Air Engine and Pump by Hayward- Tyler & Co. 

COMPRESSED AIR PUMPS 24 

Pulsating steam pomp — Air-lift pomps. 

ELECTRICALLY-DRIVEN PUMPS 27 

Cenirift^al Pumps, driven direct : High-lift centrifugal pump 
and electric motor by Mather & Flatt, for Menange Water- 
works, Sydney 27 

Pumps driven by Singfe Gearing : Vertical three-throw air 
pnmps, " Edwards " type — Centrifugal pomp and set of 
vertical three-throw plungO' pumps by Hayward-Tyler & Co., 
for War Office for Generating Station at Aldeishot . , 29 

Pumps Driven by DouUe Gearing: Low-lift pumps and 
electric motor by E. Scott & Mountain — Portable three-throw 
vertical pnmps and motor by E. Scott & Mountain — Three- 
throw boiler-feed pumps by Haynrard-Tyler & Co., for South 
Wales Distributing Co., Pontypridd 29 

Pumps Driven by Treble Gearing : Two sets of horizontal 
three-throw plunger pumps, driven by dectric motor, by 
Hatbom, Davey & Co 31 

Pumps Driven by Beit : Combined electric motor and three- 
throw i^onger pnmps, by Sandycroft Foondiy and Engine 
W<wks Co 31 

" Riedler " pump, driven by single redaction gear, by Eraser 
& Chalmers — " Riedler " differential plnnger-and-plnnger 
pump by Eraser & Chalmers 32 

Eledricalfy-Driven Sinbit^ Pump by Sandycroft Foundry 
and Engine Works Co. 32 

Three-throw electrically-driven plunger pumps by P. R. 

Jackson — ^Vertical three-throw plunger pumps, driven by 

electric motor, by Andrew Barclay, Sons & Co. — Horizontal 

three-throw pumps by Andrew Barclay, Sons & Ca . -33 

vi 



ly Google 



CONTENTS 

PAGE 

STEAM PRESSURE PUMPS 34 

1. Direct-acting Steaic Puhfing Engines 

(a) Single Cylinder or Simplex : Steam fire engine, for large 
factories, by Hayward-T^er & Co. — Steam pump for collieries, 
of the " Niagara *' type, by Hayvard-Tyler & Co. — '* Denaby " 
sinking pmnp by W. H. Bailey — " Weii " patent direct-acting 
feed pmnp by G. and J. Weir— Vertical tajidem compoond feed 
pomp by G. and J. Weir — Independent direct-acting high- 
pressore feed pTunp by Clarke, Cbapman & Co. — Compound 
feed pump by Clarke, Chapman & Co. — Horizontal direct- 
acting feed pump by Clarke, Chapman & Co. — Official test of 
Qarke-Chapman tandem compound direct-acting feed pump, 
Woodeson's patent — Vertical direct-acting compound type 
feedpompbyj. P. Hall&Sons 35 

(i) Duplex Pumps : Vertical duplex single cylinder boiler- 
feed pomp by J. H. Carrnthers & Co. — Vertical compound 
dnjdez boiler-feed pump by J. H. Cairiithers & Co. — Com- 
bined vertical low-s^vice daplex steam pomp, vertical boiler 
and vertical dnjdex feed-pomp by J. H. Caimthers A Co. — 
Reading Waterworks triple-expansion b^-daty surface con- 
densing Worthington pumping plant by James Simpson & Co. 
— ^Frimley and Famboro' Waterworks, Itchell Well, triple- 
expansion horizontal surface condensing Worthington pmnping 
engine by James 5imps(»i 43 

2. Rotative Stbau Puhfing Engines 

Bore-hole pumping engine by Hathom, Davey & Co., for 
Kesleven As^mn— Pumping engine for Leicester Corporation 
Waterworks by Hayward-Tyler & Co. — " Invincible " centri- 
fugal steam driven pomp by Gwynnes, Ltd. — Powell DnfbTn 
cross compound " Riedler " pumping engine by Fraser & Chal- 
mers—Cross compound " Reidler " punjung engine by Fraser 
& Chalmers, for Rockhampton Waterworks, Queensland — 
" Edwards" air pump by Edwards' Air Pump Syndicate — 
Bamet Waterworks machinery, James Simpson & Co, — Sin^e- 
acting deep-well pump by Mather & Piatt — Triple-expansicgi 
pomping engine by Hathom, Davey & Co., for Leeds City 
Waterworks — ^Test of Leeds engines by Professor W. Cawtbom 
Unwin — ^Deep-well pump by Herbert Ashley — ^Three-throw 
pumps and nndertype engine by Hayward-Tyler & Robey, 



ly Google 



CONTENTS 



Ltd. — WairiogtoD Waterworks, Delph Lane pominiig atation 
engines by James Simpson & Co. — ^Trent Valley Station. Sooth 
Staffordshire Waterworks, by Hathom, Davey A Co.— Test 
of above engine by A. E. Dooglas — Punping machinery by 
Hayward-Tyler & Co., for War Office, for water supply of 
hatments in Pretoria — XXtoIde cjiinder rotary pnmp 1^ 
Dram Engineering Co. — Leicester CorporatioD Waterworks 
pomfdng engine at Switbland Reservoir Pmnping Statitn by 
Combe Barbour — ^Pnmping engine for Nottingham Corpora- 
tion, for the Bonghton Pamping Station, by Combe Barboor 
— ^Engine for Gainsborough Urban District Council by Combe 
Barbour — ^Ashley concertina-pump— Pumping engine for the 
East London Waterworks Co. by Combe Barbour . . 46 

3. Pulsating Steam Puicps 

Pulsometer by Pulsometer Engineering Co. — Pulsometei 
and vertical boiler on wheds by Pulsometer Engineering Co. 
— Pulsometer in a lead mine by Pulsometer Engineering Co. — 
Pulsating steam pump by Waterspout Engineering Co. 66 

4. Rope and %lt-dsiten Pukps 

Rope-driven high-lift pomps by E. Scott ft Uountain — 
Belt-driven pump, with varialde stroke, by Hayward-Tyler 
St Co, — ^Haste " Inertia " pump by Haste Pump Co . .69 

DtBECTOBY OP HanuTACTUKERS OF PuifPS AND PuHPING 

Engines in Great Bsttain 72 



ly Google 



LIST OF ILLUSTRATIONS 



Sectiaaal elevation of the " Dando " Diapfaram Pnmp 

The Porcicg " Dando " Pnrnp 

" Dando " Pump for working by pnlley or hand-whed 
Duplex Hydiaolic Cudeigroiind Pumping Engine . 
Undershot Water Wheel acfnatiiig a pair of single-acting 
I^nnger Fnmps ....... 

Solid Wheel Vfind Pnmiang Engine .... 

L>Bob8 as nsed to connect Vfind Motors to Wells when 

latter are not directly nodemeath .... 
Sectional devation of Syphon Pump as recommended for use 

with ^^d Enginea 

Qaadrupla Semi-Rotary Pnmp for Irrigating and Land 

Reclaiming Purpoees ^ansverse Section). 

IHtto (Longitudinal Section] 

Sectional Wheel Vfiad Engine actnating a set of Three-throw 

Differential Bncket-and-Flnnger Pump as nsed with above 
engine when placed directly over well 

Large Pumping Hant for raising Sea-water for Distribution 
in Vaporizing Beds for the production of Salt. Diameter 
of wind wheel 37 ft. 6 in. 

Two-TTirow Plunger Pumps driven by a " Crossley " Gas 



1 5 Gas Engine-driven Pump deagoed for Domestic Water Supply 
i€ Single-actiag Hunger Pump actuated by Vertical Gas Engine 

17 Gas Engine Driving Centrifngal Pnmp directly connected to 

C^ank Shaft 

18 Single-acting Plunger Pnmp driven by a " Fetter " Oil 

Engine 

19 Flnnger Pump driven by a " Homsby" Oil Engine . 

M 42} RH.P. " Homsby " Oil Engine driving Three-throw 
Pumps at the Grantham Water W<»ka . 

31 " Rnston " Oil Engine driving a set of Vertical Three-throw 

Trunk Flnnger Fnmps 

ix 



ly Google 



LIST OF ILLUSTRATIONS 



Fig. 32 " Rnstoa " Oil Engine driving Two-lift Centrifugal Pumpa „ 
„ 33 " Rider's " Hot Air &igtne and Pnmp ... . , 

„ 34 Gwjamt'B "iBvineil^" Cetttrifngal Compound Preasnre 

Pamp driven by Electric Hbtor . „ 

„ 35 Uather and Piatt's High-lift Centrifugal Pnmp directly driven 

by Electric Motor .... . . . „ 

„ 26 Three-throw Edwards' Air Pnmp electrically driven by sin- 
gle gearing „ 

„ 37 HbtOT-driven Three-throw Low lift Pump with single Gear 

Drive „ 

„ 38 Sectiooal elevation of above Pump . . „ 

„ 29 Portable Three-throw Vertical Pump and Projected Type 

Motor 

„ 30 Electrically driven Three-throw Boiler Feed Pumps . . „ 
„ 31 Horizontal Three-throw Plunger Pumps electrically driven 

by Treble Gearing , 

32 Three-throw Plunger Pumps electrically driven by Belt 
Drive ...;..,. 
„ 33 Small-siaed " Riedler " Pump connected to Electric Motor 

„ 34 End View of Ditto 

„ 35 Sectional view of a " Riedler " Pnmp built on the " Differ- 
ential " principle 

„ 3$ An electrically driven Sinking-Pump 
„ 37 Three-throw Pumps, electrically driven by Double Reduction 
Gearing 



Set of Vertical Three-throw Hunger Pumps 
cally driven by^Worm Gearii^ , 



electri' 



4t A set of electrically driven Three-throw Pamps 

42 Steam Fire Engine for large factories 

43 ElevatioQ and plan of " Ifiagaia " Tsrpe Steam Pump for 

Colliery work 

44 The " Denaby " Siokiag Pump (Sectional view) . 

45 Ditto (Outside view) 

46 Weir's Direct-acting Bcnler Feed Pump , 

47 Weir Taodem Compound Feed Pump 

48 Independent Direct-acting High-pressure Feed Pump 

49 Tandem Compound Slow Speed Direct-acting Feed Pump 

MXarke-Chapman Htnisontal Direct>acting Feed Pump 

$2 Hall and Sons' Compound Direct-acting Boiler Feed Pump 

53 Perspective view of Hall and Sons' Feed Pump . 

54 Vertical Duplex Single Cylinder Boiler Feed Pump . 

55 Caimthers' Vertic^ Compound Boiler Feed Pnmp . 



ly Google 



LIST OF ILLUSTRATIONS 



Combination of Vertical Low-Service Duplex Pamp, Stean 

Boiler and Duplex Boiler Feed Pnmp 
Comtnnation of Steam Boiler and Duplex Steam Pnmp 
Proposed Worthington Pnmpiiig Engine (Sectional elevation) , 

Ditto (General elevation^ 

Borehole Steam Pamp — ^Beam Type 
Vertical Flywheel Steam Pumping Encine 
Gwynne's Steam-driven Ccatrifngal Pump 



63 Fraser and Cbaliaan,' Cross Compound Pumping Engine fitted 

witli Siedler Pumps 

64 Sedknal elevation of Riedler Pumps 

65 View showing Valvo Parts as Assembled . 

66 Fraser and Chalmers' <koss Compound Engine fitted with 

Double-acting Plunger Pump 

67 Sectional elevation of Edwards' Air Pnmp 

68 Horizontal Tandem Surface Condensing Engine and High- 

lift Pomps by Meesia. James Simpson and Co. ' . 

69 Mather and Piatt's Single-acting Deep Lift Pnmp . 

70 Triple-expansion Pumping Engine at tbe Leeds City Water 

Works 

71 The " Ashley " Deep Well Pump .... 

72 Pumfnng set of Three-tiirow Hunger Pumps, Loco Boiler and 

Undertype Jet Condensing Enginea . 

73 Triple-expansion Surface Condensing Receiver Engine with 

Deep Well and Surface Pumps by Messrs. James Simp- 
son and Co., Ltd., London .... 

74 High Pressure, Jet Condensing Flywheel Pumping Engino 

75 Triple-expansion Pnmping 'Engine at the Trent Valley Pump- 

ing Station 

76 Compound Surface Condensing Engine and Treble-barrel 

Force Pumps 

77 &oe9 Section of Double Cylinder Rotary Pump 

78 Double Cylinder Rotary " Drum " Pnmp 

79 Triple-expansion Pumping Enginea at the Ldcester Corpora- 

tion Water Worka 

80 Triple-expansion Pumping Engine at the Nottingham Cor- 

poration Waterworks 

81 Plnngei Pumps at the Nottingham OvporatioQ Water 

Works 

83 Vertical Compound Pnmping Engines working two " Ashley 
Deep Well Pumps 

83 The " Ashley Concertina " Deep Well Pnmp . 

84 Puminng Engine and Gear for East London Water Worka 

85 Sectional view of the Pulscnaeter Steam Pnmp 



ly Google 



LIST OF ILLUSTRATIONS 



Fig. 86 Portalde PnlBOmeter Pump and Boilor . 

„ 87 View showing Pulsometer Fninp worUng in a Tin Mine 

88 llw " Watenpcmt " Poliating Steam Pnmp . 

„ 89 The'WateiBpoat" Pnmp {Valve and Valvs Cheatj) . 

„ 90 (End view of Valve Cheat) 

,. 91 High lift Pump, aoo to 600 feet bead, fitted with rope 

pnlley 

„ 93 The "Haste" Patent Pump 

„ 93 Bdt-diiven "Haste" Inertia Pnmp. . . . . 



ly Google 



Introduction 
Or^HE design and construction of ptunping and hydraulic 
machinery is one of the most important branches 
of mechanical engineering. It would be difficult to mention 
a mechanical industry which is independent of pumps 
and hydraulic apparatus. Without this class of machinery 
the mining, whether of coal or other minerals^ would be at 
a standstill. It were needless to expatiate on the large 
part which pumps play in waterworks, sewage farms 
and in the irrigation of land. Pumping appliances are 
indispensable in the plant of bleaching works, dye works 
and paper mills. No user of steam could dispense with 
feed pumps. 

The motive power of pumps must necessarily vary with 
the local conditions under which they are installed ; in 
some cases, it must be confessed, the crude ideas of the 
engineer in charge of the works, rather than well defined 
princifdes, govern the details of installations. 

Many factors enter into the choice of a pump and 
pumping engine, and in all cases the advice of an expert 
in hydrauhc machinery should be sought. In the Colonies 
and in localities where workshops are not, and skilled 
labourers scarce : in a word, wherever breakdowns are to 

VOL. IL I B 
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PROGRESS IN PUMPS AND ENGINES 
be dre^uled, the utmost amplicity of construction is essen- 
tial. On the other hand, where there are ample facilities 
for repair, and where trained engine minders are available, 
fuel may be dear. In such a case an economical consump- 
tion of fuel is a prime necessity, and it is to be regretted 
that hitherto engineers have been unable to attain absolute 
simplicity of construction with pumping engines of this 
type. 

In dealing with small quantities of water, the hand 
pomp is no doubt the simplest, handiest and cheapest 
appliance available. Such a pump can be operated by 
lever or levers, by cranks and hand wheels, or by crank 
handles. 

Where there is a plentiful supply of water, a natural 
and cheap source of power is available ; in some cases 
the user of water power has to pay nothing at all. Under 
a low fall, or in the case of a rapid stream, a water wheel 
should be installed ; imder a moderately high fall a turbine 
will usually give the best result. In the case of a very high 
fall or where water can be used under h^h pressure, " per- 
cussion " wheels, sometimes known as " Pelton " wheels, 
or hydraulic or water-pressure engines, are the most suit- 
able forms of motor. It is an objection to fast-running 
motors that the speed must be reduced by gears or by 
bdting ; the former are liable to breakdowns, while the 
latter are apt to slip. In both cases there is a loss of effi- 
ciency. 

In the case of small pumping plants, where good 
storage tanks or reservoirs can be constructed at a reasonable 
cost, " wind-engines " may be used to advantage ; the 
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INTRODUCTION 

working charges would be reduced to lubrication once a 
week, with a periodical overhauling of the pumps and 
pipes to test the soundness of all joints and the conditions 
of the packings. 

Where little power is required, hot air engines are 
quite in place ; for powers up to about i horse-power, they 
are very economical and require but moderate attention. 
Such motors would often prove the best in country man- 
sions, in farms and under similar conditions. 

Compressed air is a valuable source of motor power. 
It can be carried in pipes for considerable distances with- 
out appreciable loss of pressure, always provided that the 
air compressor b of the right design and construction; 
otherwise the loss of power and the cost of compression 
are apt to be very heavy. 

Electric motors are coming more and more to the front 
for pumping purposes, but an essential condition for the 
use of such power is this, that current is available at a 
reasonable cost. The advantages under suitable condi- 
tions of electricity are obvious. It is always ready ; no 
time is lost in starting ; there is no condensation of steam. 
No doubt users of electric power have their own troubles. 
If the diameter of the cable be too small, or if there are too 
few strands, there will be a very sensible loss of power, while 
with too large a cable the first cost will be excessive. But 
if a cable of suitable diameter be selected, the waste of 
power will be trifling. Where an electric motor is used 
three-throw single-acting pumps are the best, as these 
give a more even distribution of power, which is essential 
in electric driving. 

3 
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PRCXiRESS IN PUMPS AND ENGINES 

Where fuel is readily available and considerable power 
is required, steam is and remains the best source of power. 
Engines for large pumping plants should be of the most 
approved design, constructed with a view to the utmost 
efficiency and economy. In the boiler too, economy must 
be carefully studied. The use of a wasteful boiler or boilers 
has often been the cause of serious loss in the working of a 
pumping plant. The selection of a boiler must be governed 
to a great extent by the route it has to traverse. If the 
boiler be taken by rail right up or near to its destination, or 
even if it can be carried over good roads, its type is a matter 
of minor importance, but where transport is dif&cult the 
sectional water-tube boiler is to be preferred. 

The exact type of pumping engine cannot be decided 
on abstract principles. The engineer must be guided 
by the conditions of each case. The depth of the well or 
the source of water ; the height at which the pumps 
have to be installed above the water level; the volume 
of water and the height to which it has to be raised ; the 
economy desired in the plant ; the distance through which 
the water has to be forced ; these are one and all essential 
factors in the problem. 

By the above conditions the engineer must also be 
governed in the choice of the pumps, with two additional 
considerations which are of great importance ; namely, 
the nature and condition of the water. For sandy, gritty 
or muddy water, plunger pumps are by far preferable, 
because neither by grit, sand nor mud is the plunger 
affected. The piston or bucket packings will, however, 
wear more or less rapidly, relatively to the amount of 
4 
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INTRODUCTION 

impurities contained in the liquid. Plunger pumps are 
also suitable for an acidulated or saline water^ because the 
lubrication will prolong the plunger's life. 

Centrifugal pumps are well adapted for low-lifts and 
large volumes of water. As they are not easily choked they 
are suitable for dredging gold sand or for raising slime. 

Strength is an all important factor in the construction 
of a pump, and an ample supply and proper distribution 
of metal is an essential condition of good design. This is 
a strong point with British piunp makers. Many foreign 
engineers are either too sparing of metal or fail to put it 
in the right place. Buyers of pumps should beware of 
judging by appearances. Efficiency has too often been 
sacrificed to symmetry, in the quest for which many an 
otherwise good pump has been spoiled. By all means let 
the engineer turn out a finished article, but first and fore- 
most let him ensiu^ the utmost attainable simplicity of 
construction and working efficiency. After all, a polished 
exterior is of much less consequence than sound and well 
finished working parts. Polish is not so essential as the 
strength of the original surface of the metal, and especially 
of the castings, for the smiace is the strongest part of the 
metal. Far more important than mere exterior poUsh 
and burnish are fine smooth and even surfaces to the 
cylinders, steam and water valves. Tlie roughness of the 
surface is of small moment compared with true and smooth 
working parts. 

I propose to illustrate and describe a nimiber of difier- 
ent kinds of pumps and pumping engines made by some 
of the most eminent firms in Great Britain, pointing out 
5 
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PROGRESS IN PUMPS AND ENGINES 

by the way, such features as should be kept carefully 
in view by buyers and users of this kind of machinery. 
Pomps may be divided into the following classes — 

1. Pumps worked by hand. 

2. Pumps driven by water power. 

3. Wind power pumps. 

4. Gas and cH engine pumps. 

5. Hot air pumps. 

6. Compressed air pumps. 

7. Electrically driven pumps. 

8. Steam pressure pumps. 
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I. Pumps Worked by Hand 

The common hand pumps are worked by a lever arrange- 
ment in different wa}^, to suit circiuustances, such as 
the quantity of water required and the depth of the 
well. 

For deep wells three-throw pumps are the best^ but lor 
bore holes the single-acting bucket pump, the bucket-and- 
plunger, and the " Ashley " pump must be recommended. 

The " Dando " diaphragm pump, manufactiured by 
Mesas. Duke and Ockenden, of Littlehampton, England, 
is shown in sectional elevation, Fig. i, and perspective 
view of the " Odourless Dando " t5fpe in Fig. 2. This 
pump is worthy of special notice, and its work will readily 
be understood by reference to Fig. i. ^4 is the suction 
valve, B the pump chamber, C the diaphragm, made of 
indiarubber, in the centre of which is arranged the de- 
livery valve D. The diaphragm is deflected by means 
of the two bolts, E and E, secured to the cross-head F, 
and pump lever G. J? is the delivery spout, the diaphragm 
being held between that and the pump chamber B. Round 
the delivery hole in the diaphragm are placed circular 
flanged plates for stiflening it, and the top plate serves 
the purpose of the deUvery-valve seat, the beat for which 
is formed by the inward flange of the diaphragm. When 
the disc is deflected downwards, as shown in Fig. i, the 
capacity of the chamber is diminished, and, as the suction 
valve prevents the Uquid returning into the suction jnpe* 
7 
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PROGRESS IN PUMPS AND ENGINES 

it is forced to pass through the delivery valve in the disc. 
On the return stroke, that is, when the diaphragm is moved 
to the position shown by the dotted lines, the pxunp cham- 
ber is enlarged, the deUvery valve closed, and the suction 
valve opened, the water enters the chamber, and so on. 
Fig. 2 illustrates the " Odourless " type, or Forcing 
" Dando " pump, worked by two handles. It is similar 
to Fig. I, but is covered with an air vessel, and the suction 
branch is placed on one side of the body instead of under- 
neath. Fig. 3 shows an " Odourless Dando " pump worked 
by a pulley and eccentric, or hand-wheel. 



2. Pumps Driven by Water Power 

Pumps are driven by water wheels, turbines and percussion 
wheels by means of gearing. The most suitable pumps 
for this class of motor are the three-throw bucket or 
plunger types, because they give the most regular dis- 
tribution of work for the motor. Sometimes the pumps 
are driven by belting and pulleys. This latter method, 
however, is not so good, as there is frequently a certain 
amount of sUp in the belt on the pulley which naturally 
reduces the efficiency of the pump, and consequently 
causes a loss of power. 

Water appUed to engines similar to a steam engine or a 
direct-acting steam pump is sometimes employed, but 
the valve gear must be of particular construction. There 
must be no lap on the slide valve or pston valves, and as 
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there is no expansion in water an auxiliary valve must be 

connected with the engine. 

Another method is shown in the duplex hydraulic 

underground pumping engine, designed by Mr. Henry 

Davey, of London, and built by Messrs. Hathom, Davey 

& Co., Ltd., of Leeds, England, for the Miike Mines, Japan, 

which is shown in the general view, Fig. 4. The rams 

are 14 in. in diameter, with a stroke of 4 ft., and capable 

of running at fourteen double strokes, or 112 ft. per minute. 

The system upon which these are working was originated 

by Mr. Davey, and applied by him in a hydraulic power 

plant erected at a colliery at Marseilles many years ago. 

The power water is taken from an overhead tank in the 

engine room, and forced by means of the power engines 

into 7-in. pipes leading down the shaft to the hydraulic 

pumps, and returned by the hydraulic pimips to the tank, 

so that the power water is used over and over again. There 

are two sets of pipes, one for supply and the other for 

return. 

The power engioes pomp the water under a pressure of 1,000 lb. 
per square inch, aud that pressure is retained constant by means 
ol a steam accumulator or regulator. The accumulator consists 
of a steam c^inder, 40 in. in diameter, and a hydraulic ram, I2( in. 
in diameter, worldi^ in a hydraulic cylinder. The hydraulic 
Grinder of the accumulator is in free communication with the 
power pipe, whilst the steam piston is acted on by steam at a con- 
stant pressure, this pressure being adjusted by means of a reducing 
valve so as to maintain a pressure of 1,000 lb. per square inch on 
the hydraulic ram. The steam accumulator forms a governor 
to the power engine. If the power engine runs too fast, then the 
ram is pushed out, and made to actuate a throttle valve. By this 
system the evils arising from inertia which accompany the use of 
a weighted accumulator are obviated. The power engine is of the 
triple expansion type, having a 20-in. high-pressure cylinder, 29-in. 
intermediate, and 41-in. low-pressure cylinders, with a common 
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stroke of z ft. 4 in. The pumps are of the ram type, worked direct 
from the pistons. Each ram is 5^ in. in diameter. There are two 
sets of suction and two delivery valves to each pump. The power 
water is supplied with a little oil for the purpose of keeping the 
working parts in good order. 

The hydraulic pumps raise 1,400 gallons per minute, 
against a head of 350 ft. 

An undershot water wheel actuating a pair of sii^le- 

acting plunger pumps, manufactured by Messrs. E. and H. 

Roberts, Ltd., of Stony Stratford, England, is illustrated 

in Fig. 5. In the design shown the water-wheel is 5 ft. 

in diameter by 2 ft. wide, the pumps havii^ rams 2^ in. 

in diameter, the stroke being variable by changii^ the 

position of the crank-pin in a slot in the pump crank disc, 

the slot being continued so that the pin can be put right 

into the centre, and the pump by that means remaining 

idle, while the wheel may be utilized for other purposes, 

such as are required on farms, etc. The two pmnps being 

opposite one another and the plungers made in one with 

the yoke, one pump acts as a guide for the other. The 

wheel and pumps are motmted on a steel girder frame. 

A doable set of pumps of this pattern, worked by an undershot 
water vrbed, was erected at Glevering Hall, Wickham Uarket, 
England. In this case the water wheel is 10 ft. in diameter by 
5 ft. face, and is actuated by a 4 ft. 8 in. fall. It drives two pairs 
of 12 in. by 5 in. horizontal plunger pumps, variable from i to 12 in. 
stroke, so that the wheel, developing 4 brake horse-power, may be 
used for other purposes whilst the pomps are at rest. One set of 
pumps is placed on each side of the wheel. Each pump is fitted 
with an independent air vessel, and a large air vessel and safety 
valve are fitted on the main delivery pipe to prevent bursting. 
The pumps are worked at the lowest possible pressure for the water's 
elevation for storage to the extent of 7,000 gallons, but in case 
of fire, by closing one valve in the main, the whole power of the 
wheel can be secured, so that the force from the hydrants may in 
a few minutes be increased to the maximum pressure available 
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and be rendered most effective. The water is lifted 80 ft. to the 
storage tank, and about 26 tons is the quantity usually available, 
but in the event of too much being pumped at any time the over- 
flow is conducted to the sewers to flush them, and in this way most 
of the spent water in the yard is again used beneficially. 



3. Wind Power Pumps 

Wind is another natural motive power, which will be much 
more widely adopted for pumfong than at present. There 
is no expense attached to this method of pumping except- 
ing a very small cost for lubricating oil, and the usual 
attention to the pump parts. It is necessary that these 
should be examined periodically to see that all joints and 
packings are in good condition. 

The water appliances employed, when wind engines are 
chosen as the motive power, are single-acting bucket 
pumps, single-acting plunger pumps, double-acting piston 
pumps, bucket-and-plxmger pumps, chain pumps, scoop 
wheels and dash wheels. 

When only small quantities have to be raised, the 
single-acting budcet or plui^er pumps, or the bucket- 
and-plui^er pumps, are usually employed, worked direct 
from a crank on which the wind wheel is secured. When 
larger quantities have to be dealt with and the lift is 
moderately high, three-throw bucket or plunger pumps 
are to be recommended ; the piunp crank-shaft being 
placed horizontally over the well or other source, and 
worked by gearing from the vertical shaft driven by the 
wind wh^. 

The chain pump worked by a wind engine is sometimes 
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used for raising water from quarries and brick yards, and 
to empty the workings. 

Large quadruple semi-rotary pumps worked by wind 
engines are very useful for irrigating land and reclamation 
purposes. 

For very large quantities and extra low lifts, as for 
pumping salt water into evaporating pans^ reclaiming 
land, or irrigating purposes, scoop wheels, and dash 
wheels should be used. 

The objection to wind engines is the tmcertainty of the 
wind pressiu^, but this is provided against by having 
tanks or reservoirs, capable of holding three or four days* 
supply of water, as a calm seldom exceeds that length of 
time. 

There are essentially two classes of wind engines, viz., 
the sohd-wheel and the sectional-wheel engines. The 
sohd wheel is very useful for small engines, say up to 14 
to 16 ft. diameter, but above that, the sectional-wheel 
engine should be adopted. 

The regulation of the speed of the engine should be 
automatic, as in the event of storms it makes the engine 
more powerful and durable. 

The solid non-regulating wheel engine is, of course, 
the cheapest in first cost, and is therefore frequently 
adopted where a small amoxmt of power is required. But 
a part of the cost is spent in making it strong enot^h to 
resist a storm, whereas, if it were made self-regulating 
the size could be so calculated that the full power required 
would be obtained when the wind has an approximate 
speed of 10 to 14 miles per hour, or 1,232 ft. per minute. 
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In the case of the solid-wheel wind engine the governor 
or regulator is the wind pressure. When, therefore, a stonn 
occurs it causes the engine to jerk in and out of the wind, 
and brings undue strain and wear on the working parts ; 
and, again, when the wind is unsteady, it causes the engine 
to run very tmevenly. This is detrimental to the pump 
or pumps actuated by it. In strong wind the solid-wheel 
engine will throw so far out of the wind as to stop entirely, 
or run very slow, thus, doing little or no work. The sec- 
tional wheel will not jerk or throw out and stop, but will 
keep a regular motion, and after attaining its maximum 
speed will hold it, no matter how strong the wind may be, 
because it is only governed by the wind pressure enough 
to keep it from all danger, and by centrifugal force suffi- 
cient to give a uniform speed. 

It is a well-known principle that the speed of the wind 
wheel must be proportionate to the angle of the sails and 
the speed of the wind ; thus to sharpen the angle at which 
the sails are set is to retard the motion of the wheel, and 
to flatten the angle is to accelerate the motion. 

A solid-wheel wind engine, manufactured by Messrs. 
E. and H. Roberts, Ltd., of Stony Stratford, England, is 
shown in Fig. 6. The firm's usual method of connexion is 
by fixing the wind engine directly over the well and having 
a straight reciprocatii^ pump rod right down to the pump, 
which is, of coturse, fixed within 25 ft. of the bottom, or 
according to the depth of the water in the well, the pump 
rod being guided. 

The z2-ft. diameter " Heicales " wind engine, made by the above 
&nn, has twenty-four blades, grouped in six sections, having a sai] 
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area of 82-5 square feet ; with 27-5 square feet effective clearance 
area between the blades and 17-104 square feet clearance at centre 
of the wheel. The sails are secured by means of steel brackets to three 
angle steel rings. The wheel is strengthened by stay rods from the 
prolongation in front of the shaft upon which the wheel is fixed. 

The wind engine illustrated in Fig. 6 was fitted with 
an 8-in. pump used for draining peat mosses for moss 
litter. The ei^ine is fitted directly over the well and 
has a straight reciprocating pump rod made of wood, and 
guided in rollers and brackets, spaced every ten feet or 
so, and by using a angle-acting pump the wood rod can be 
employed without fear of springing or whipping. 

When the wind engine has to be placed some distance 
from the well, L-bobs are used, as shown in elevation, 
Fig. 7. ^ is a tube rod connected to a crank on the wind- 
wheel shaft, which oscillates the L-bob or quadrant B, 
which latter is coupled to the L-bob C, by means of a tube 
rob D, guided in roller guides E, at intervals. F is the 
pump rod coupled to the pimip in the well G. It will be 
seen from this that on the up-stroke of the crank on the 
wind-wheel shaft, the pump is also making its up-stroke, 
so that the long rods are always in tension. 

The pump which Messrs. Roberts recommend for 
wind engines is of the syphon type, illustrated in sectional 
elevation. Fig. 8. It will be seen that the suction pipe 
leads in at the upper part of the pump casting, the working 
barrel consisting of an internal liner with an annular space 
between it and the casing, through which the suction 
water passes by the syphon action, thus ensuring the casing 
alwa3rs being ftdl of water ready for starting, which is a 
great advantage for wind engines. 
>4 
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The wheel is controlled by means of a tail vane which 
normally stands at right angles to the wheel when the latter 
is facing the wind. The wheel is fixed a little out of the 
centre of the tower, so that when the wind increases the 
wheel tends to move out of the wind, but the tail vane 
is driven into it against the torsion of a spiral spring, which, 
when the wind is reduced, draws the wheel into the wiitd. 

A quadruple semi-rotary pump, suitable for working 
in connexion with wind engines for irrigating and land 
reclaiming purposes, is shown in transverse section. Fig. 9, 
and longitudinal section, Fig. 10. 

To one end of the cylinder, A, is secured a delecting chamber 
B, fiom which the delivery-branch C ascends. The pump is fitted 
with eight valves, four for suction and four for delivery. The 
valves H, J, K and L, in the end M of the cinder, are provided 
with strengthening flanges, and are placed on the inner side of the 
cylinder end, so that they may open inwards to the pump, and thus 
become the suction vEdves. The valves N, P, O and R are opposite 
the suction valves and open towards the delivery chamber B, and 
constitute the delivery valves. On the shaft 5, which passes 
through the pump cylinder, the wings T are fixed ; the interior 
of the cylinder is divided into two parts by the fixed partition wail 
U, which fits into a groove in the ends and sides of the cylinder, 
and extends close up to the centre boss of the wings. By imparting 
an oscillating action to the wings, by means of a lever fitted on 
to the end of the shaft 5, the pump has a quadraple action. A 
metallic wire gauze V is fastened on a projecting flange on the 
cylinder, and on the centre of the boss surrounding the shaft, pre- 
venting any soUd matter from getting into the pump. Messrs. 
Duke & Ockenden are the makers in England. 

A sectional-wheel wind engine, designed by Mr. 
John Wallis Titt, of Warminster, England, is shown in 
elevation. Fig. ii, actuating a set of three-throw pumps, 
fixed in a well. The pumps are worked by means of a pair 
of angular wheels at the wind wheel, a pair of bevel-wheels 
15 
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at the base of the tower, a horuontal shaft fitted at the 
outer end with a spur-pinion, gearing into a spur-wheel 
keyed on the three-throw crank shaft. The pump crank 
is on the opposite end to the spur wheel fitted with a 
fast and loose pulley^ so that the pumps can be worked 
by a belt from an auxiliary engine in case of draught. 
The pinion on the outer end of the counter-^aft is either 
fitted with a clutch or made to slide out of gear, when the 
wind engine is not employed. 

The working barrels of the piunps and the suction 
valves are placed at the bottom of the well, and the suction 
pipe is placed in a bore hole at the bottom of the same. 
As the water rises high up in the well, when the pumps 
are standing, the delivery-box is placed high up near the 
sxuiace of the ground, the box and the working barrels 
being connected by stand-pipes, made slightly larger in 
diameter than the working barrels, so as to allow the 
buckets and suction valves to be lowered down freely 
without injury to the leathering or other kind of packing 
used. 

The suction valves are provided with eyes, so that they 
can be " fished " out from the top at the delivery box. 
On the side of the deUvery box a branch is provided on to 
which is secured a retaining valve, and above the delivery 
bend in the rising main an amply large air vessel is pro- 
vided. The pump-rods are reciprocated by the usual 
class of deep-well pmnp connecting rods, technically 
termed " pump slings." 

The pump employed by Mr. Titt, when it is worked 
direct, that is, when the wind engine is placed on the top 
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of the wdl, is shown in sectional elevation. Fig. la. It 
is of the differential or bucket-and-plunger type, being 
single-acting in the suction and having a double-acting 
deUvery, so that it deUvers an equal quantity on the 
up and down stroke ; the plunger being one-half the area 
of the bucket. When this class of pump is employed 
the wind wheel is mounted on a horizontal crank shaft, by 
means of a short connecting rod, which actuates a lever, 
to the outer end of which the pump-rod is connected. 
In this way a short crank can be used and the stroke of 
the pump is increased. 

The head of this engine is built of steel angles and plate, 
so that there is no danger of breakage. The wheel is con- 
trolled by a tail vane and weighted lever. The lever is 
raised by a starting wire, over small pulleys, which passes 
down to near the ground level of the tower for starting 
without going up the tower. 

Fig. 13 illustrates a Pumping Plant made and erected 
by Mr. John Wallis Titt for the Italian Government at 
Margherita di Savoia, Italy, for raising sea water for dis- 
tribution in vaporizing beds for the production of salt. 

It consists of a 37-ft. 6 m. diameter wind wheel, mounted on a 
50-ft. hexagonal type steel tower and driving a. dash wheel, 14 ft. 
in diameter, s ft. wide, with 16 vanes, made wholly of wrought iron. 
The duty varies from a minimum of 2 ft. to a maximum of 5 ft. 9 in., 
according to the tide, the average being 4 ft. 6 in. Provision is 
made by sluices suitably placed to regulate the depth of immersion 
at intake of wheel. The main tees of the tower are of steel 4 in. by 
3 in. by fth of an inch. The engine is capable of developing 15 
hoi^-power in a wind of 25 miles per hour. With a wind velocity 
of from 7]r to 10 miles per hour 106,920 gallons of water can be 
raised by the dash wheel ; a wind velocity of &om 15} to 18} miles 
per hour enabling it to furnish a supply of no less than 383,536 
VOL. n. 17 c 
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gallons hourly. The wind wheel was furnished with loo sails, but 
now Mr. Titt employs 50 sails, each 12 ft. long and controlled by 
two i4-ft. diameter tail wheels, instead of the single irtieel illustrated. 
The wind vAeel shaft is 5) in. in diameter, the vniical shaft 3^ in. 
in diameter, and the dash wheel shaft 6 in. in diameter. The tower 
foundation is 13 ft. in diameter by 9 ft. 7 in. deep ; the foundation 
bolts are 10 ft. 2 in. long by z^ in. in diameter. The driving wheel 
is 10 ft. in diameter and the pinion 37 in. in diameter. The weight 
of engine resting on the foundation is about 20 tons. 

This class of pumping plant is also very suitable and 
economical for drainage and irrigation purposes, where 
large quantities of water have to be dealt with, and may 
be modified as to size to suit requirements. 

ISx. Titt has made a number of wind engines of this 
description, amongst others one 35 ft. in diameter, " Sim- 
plex Geared," on 50 ft. steel tower, driving an 18 ft. dia- 
meter scoop wheel, capable of lifting 2,000 to 3,000 gallons 
of water per minute 8 ft. hi^. This wind engine was 
erected at Limavady Junction, Co. Derry, Ireland, for 
drainage of slob land. 



4. Gas and Oil Engine Pumps 
A Gas Engine coupled to a set of vertical two-throw plunger 
pumps is illustrated in front elevation. Fig. 14. It has 
been constructed by Messrs. Crossley Bros., Ltd., Man- 
chester, England. The gas engine is of the ordinary" Cross- 
ley" t5rpe, actuating the pumps by means of a spur 
pinion on the crank shaft, gearing into a spur wheel keyed 
on to the pump crank shaft. The pinion can be released 
by a clutch operated by a hand wheel. To economise 
height the pump plungers are open at the top and the 
18 
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connecting-rod pins are secured at the bottom of the 
plungers. The pump crank-shaft is canied on two 
A-frames. The deliveiy branch is provided with a large 
air vessel. The suction inlet branch is cast in the pump 
bed plate. 

These en^es and pumps are suitable for town's 
water supply, sewage works, etc. 

An engine and pumps, made by the same makers, for 
small quantities, such as domestic water supply, is illus- 
trated in Fig. 15. The engine is horizontal, driving a 
vertical single-acting plunger pump, fitted with an air- 
vessel, by means of a wheel and pinion, and over-neck 
pump crank. 

Another arrangement of "Crossley" engine and pump 
is designed for domestic water supply, but it can also be 
used for any other purpose, as the pump can be disengaged 
by means of a friction clutch and hand wheel. This is 
illustrated in Fig. 16. The engine in this case is vertical, 
driving a vertical single-acting plunger pump, the counter- 
shaft, carrying the spur wheel and pump crank pin, is 
carried by brackets on the engine standard. 

A gas ei^ne and centrifi^al pump for emptying docks, 
etc., manufactured by Messrs. Crossley is shown in Fig, 17. 
The centrifugal pump is worked direct from the crank- 
shaft, and a heavy fly-wheel is provided at each end of 
the shaft, to ensure steady working. The engine and 
pump can be started in a few minutes. At a recent trial 
of a plant fitted by this firm, 521,416 cubic feet of water 
was raised from a dock, in 2 hours and 21 minutes, the 
consumption of gas being only 8,678 cubic feet. 
19 



ly Google 



PROGRESS IN PUMPS AND ENGINES 

When not required for pumping, the engine can be 
used, if desired, for electric Ughting, or driving machinery, 
or any of the numerous purposes for which power is em- 
ployed in ship-building yards. 

An oil engine and pump combined, manufactured by 
Messrs. James B. Fetter and Sons, Ltd., of Yeovil, and 
London, England, is illustrated in Fig. i8. These are 
suitable for use where the water is within 20 ft. of the 
surface. The pump, of the single-acting plunger type, is 
bolted to the side of the engine bed plate, and driven by 
means of a spur wheel and pinion from the engine crank 
shaft. The pinion can be fitted with a clutch, so^that the 
pump can be thrown out of gear, and the ei^ine driving'any 
other machinery, either direct from the flywheel, or from 
a pulley keyed on the engine shaft outside the flywheel. 

A 3 horse-power " Fetter " oil engine will deliver about 
2,500 gallons of water per hour, at a point 100 ft. above 
the surface of the water in the well or other source. The 
gearing is machine-cut, and the valves, valve seats and 
plunger are made of brass. 

A 1^ horse-power " Petter " delivers about 1,000 
gallons, at a point 100 ft. above the surface of the water. 

The engine is fitted with patent automatic ignition, 
which renders the use of any lamp or outside flame un- 
necessary except at starting. 

A 2j brake-horse-power oil engine coupled direct to 
a pump, bolted to the side of the engine bed-plate, manu- 
factured by Richard Homsby and Sons, Ltd., Grantham, 
England, is illustrated in Fig. 19. This engine has been 
specially designed for crude oil. The pump is of the 



ly Google 



p. R. Bidrling. — Pumps and Pumping Enginti 



. l6. SINGLE-ACTING PLUNGBR f 



FIG. 17. CAS BNOtNE DRIVING CENTRCFUGAL PUMP DmECTL-V CONNKCTBD , , 

TO CRANK SHAFT. D ,, I,, ed ^v V^ (iOg IC 



p. R. Bitrling—Pumpi and Pumpii^ CofiiMt 



ig. PLUNGER F 



wGoOglc 



GAS AND OIL ENGINE PUMPS 

externally packed plunger type, driven by an overhanging 
spur wheel, in which is fitted the pump crank pin. The 
wheel is rotated by means of a spur pinion on the engine 
crank shaft. The pinion is driven by a. friction clutch^ 
so that any class of machinery can be driven by belt from 
the engine fly-wheel or a pulley on the outer end of the 
crank shelf, when the pump is not required. 

The Grantham Water Works pumping engine, made 
by the above firm, is shown in Fig. 20. The engine is 
42} brake-horse-power, of the horizontal type, having a 
cylinder igi in. in diameter, by 22 in. length of stroke, 
having a nominal speed of 175 revolutions per minute. 

The pumps are of the three-throw plunger type, having 
plungers 11 in. in diameter, by 15 in. length of stroke, 
running at a speed of 34I revolutions per minute, de- 
livering 536-5 gallons of water per minute against a head 
of 160 feet. 



At the official test of this pumping plant the engine indicated 
48-80 horse-power, giving out 41 braie-horse-power. The pamp- 
horse-power was z6-33, so that the mechanical efficiency of the 
engine was 84 per cent. 
The following is a copy of the test : — 

Trial of 42I B.H.P. Horosby-Akroyed cheap fuel oil engine 
and a set of geared treble ram pumps at Grantham Water Works. 
Consomptioa of Texas crude oil per hour, 35-125 lb. 
Consumption of Texas crude oil per B.H.P., 0-856 lb.. Of 0.744 

pint. 
Consumption of Texas crude oil per pomp H. P. per hour, 1-33 lb. 

or I -15 pint. 
Consumption of Texas crude oil per million foot-lbe. of water pumped, 

0-585 of a pint. 
With oil at 2^. per gallon per million foot-lbs. of water pomped, 
0-i8d, for fueL 
The oil used was Texas liquid fuel oil, having a specific gravity 
of 0-92, and a flash point of 170 degrees Fahr., open test. 

ai 
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An arrangement of an oil engine driving a set of vertical 
three-throw plunger pumps is shown in illustration, Fig. 21. 
The engine is of the " Ruston " horizontal type, manufac- 
tured by Messrs. Ruston, Proctor and Co., Ltd., of Lincoln, 
and the pumps were made by Messrs. Hayward-Tyler and 
Co., London. 

One of these engines of 25 effective hone-power during a trial 
of three hours' duration, at a speed of 200 revohitions per minut^ 
gave an effective horse-power of 26-5. It made 90-6 explosi<»is. 
Russian oil of the " Ru^olene " hrand was used, having a specific 
gravity of 0-825 ^i^d a flashing point of 85 d^rees Fahr. Weight of 
oil used per effective hoise-power per hour was : — 
Exclusive of Lamp at start, 0-593 lb. 

„ ,. „ 0-575 British pint 

„ „ „ 0-327 litre. 

Time required to start this engine was 15 minutes and it used 
dnting that time i lb. of oil. 

In this type of oil engine the pressure due to the ex- 
plosion gradually rises, commencing shortly before thft 
crank reaches its inner " dead centre," but does not attain 
its maximum pressure until the crank is well past the 
" dead centre," and in such a position as to make the 
fullest use of the pressure on the piston. The ignition 
tube is made of a special mixtiure of cast iron, and is kept 
hot by the explosions, it works automatically after starting, 
and dispenses with the attention to lamps. The vaporizer 
is b(dted to the cylinder end, and after starting is quite 
automatic in action, the oil being vaporized before enter- 
ing the cyhnder, prevents waste from clogging and deposit 
in the cyhnder. The speed of the engine is regulated by a 
centrifugal governor, controlling a hit-and-miss device. A 
speeder is fitted by which the revolutions of the engine 
can be varied within wide limits, while running. 



ly Google 



p. R. Biorting. — Pumps and Pumping Enguus 



1. 4S} B.H.P. " HORNSBY " OIL ENGINE DRIVING THREK- 



DigitizedoyVjQOQlC 



F. S. BjMiHf. — Pumps <utd Pumping Engitut 



" HUSTON " OIL ENGINE DRIVING TWO LOW-LIFT CENTRIFUGAL I 



Digitized oyVjQOQ I C 



HOT AIR 

Messrs. Ruston, Proctor and Co., have applied a 
number of their engines for pumping. A very fine set coa- 
sisted of a i6 B. H. P. oil engine driving a set of vertical 
three-throw trunk plunger pumps, having plungers 9i in. 
in diameter with a stroke of 12 inches, forcing 300 gallons 
of water per minute to a vertical height of 80 ft. 

Fig. 22 illustrates an oil engine, made by the same 
firm. The engine is z6 brake-horse-power, driving two 
4-in. low-lift centrifugal pumps, each delivering 250 gallons 
of sewage per minute to a total he^ht of 17 ft. 



5. Hot Air Pumps 

The Rider's hot air engine and pump is illustrated in 
Fig. 23. It is fitted with patent removable furnace. 
This engine has a pump ij in. in diameter, fitted on one 
side, capable of pumping 360 gallons of water per hour to 
a height of 108 feet. The cost of running this engine is 
about one penny per 1,000 gallons of water pumped to 
a height of 80 ft. There is no explosion, and therefore 
no danger. 

The principle upon which the engine works is as fol- 
lows : — 

The compression piston, shown on the left side of the 
illustration, first compresses the cold air in the lower part 
of the cylinder into about one-third its normal volume, 
when, by the advancing or upward motion of the power 
piston, shown on the right-hand ^de, and the completion 
of the down stroke of the compression piston, the air is 
transferred from the compression cylinder, through the 
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regenerator, which is shown connecting the top of the 
two cylinders, and into the heater without appreciable 
change of volume. Hie result is a great increase of pressure 
correspondii^ to the increase of temperature, and this 
impels the power piston up to the end of its stroke. The 
pressure still remaining in the power cylinder and re- 
acting on the compression piston, forces the latter up- 
wards till it reaches nearly the top of its stroke, when, by 
the cooUng of the charge of air, the pressure falls to its 
minimum, the power piston, and the compression again 
begins. In the meantime the heated air passing through 
the regenerator, has left the greater portion of its heat 
in the regenerator to be picked up and utilized on the 
return of the air towards the heater. This process recurs 
at each revolution. The lower portion of the compression 
cylinder is kept cold by a current of water which circulates 
through the cooler, which surrounds the lower portion 
of the cylinder. In pumping engines, the water which is 
pumped answers this purpose. The heater is kept at a 
dull red by a steady fire — generally coke — ^which is xmder- 
neath it. Tlie furnace is of the simplest form, similar 
to an ordinary greenhouse stove. The same air is used 
continuously, as there is neither influx nor escape, the 
air being merely shifted from one cylinder to another. 



6. Compressed Air Pumps 
Compressed air is applied for raising water in many ways, 
but none of the methods have yet been broiight to per- 
fection, except by the direct-acting pump similar to the 
24 



ly Google 



COMPRESSED AIR 
ordinary pump driven by steam. The only difference 
in the two is that, if no heater is employed for heating the 
air before it enters the power cylinder, the exhaust must 
be made quite free or it will soon become blocked up with 
ice. 

The advantage of compressed air over steam, is that 
there is no appreciable difference in the pressure and no 
condensation in the pipes, when a long distance is placed 
between the compressor and the pump. 

Another method employed for raising water by com- 
pressed air is on the direct contact principle, similar to 
the steam in a pulsating steam pump, (which latter is 
illustrated in Fig. 85, and described on page 66.) 

Yet another method is by the air-lift pump, which 
consists of a rising pipe in the form of a tube, driven down 
in the ground and air admitted from a compressor by 
means of a small pipe to the bottom of the rising main. 
The air and water become mixed, by which means the 
water is reduced in weight, rises up the main, and is de- 
Uvered at the top. This method has not yet come into 
general use, and its action is not well known. 

Some engineers are of the opinion that the air is ad- 
mitted at the bottom of the rising main in volumes, formmg 
as it were alternate layers of air and water, the air acting 
as pistons, which gradually expand as they rise. Other 
ei^ineers think that the air comes in with the water in the 
form of small bubbles, at the bottom. Another opinion 
is that the air enters at the bottom forming air pistons, 
but as the air expands on its passage up the rising pipe, 
it gradually mixes with the water. There is no doubt of the 
25 
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matter if the air-liit is not properly proportionate, for the 
water is delivered at the top of the well, in some cases 
in a jerky fashion, plainly proving that layers of air and 
water have been present in the pipe. 

The air-lift ptunp is undoubtedly to be recommended 
under certain circumstances, if carefully designed, but if 
misapplied and not of a first-class design it is one of the 
most expensive and wasteful plans that can be adopted. 
Air-lift pumps vary in almost every case, as regards air 
pressure, depth of submerged part of the pipes, and quan- 
tity of air required. For the above reasons no definite 
rules of a general description can be laid down, besides 
it also greatly depends upon the kind of air nozzle em- 
ployed for spraying the compressed air into the bottom 
of the rising main. 

In some cases the pipes have been made taper, some 
installations tapering larger downwards and others up- 
wards, but neither gives such good results as a well-designed 
parallel pipe. 

The air-pipe is sometimes taken down the centre of 
the rising pipe, which is an advantage, as the rising pipe 
can then be made of almost the same external diameter as 
the bore hole. At other times the air pipe is run down the 
outade of the rising pipe, in which cases the latter must be 
made smaller in diameter to leave space for the air pipe 
to pass down. 
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7. Electrically-driven Pumps 
Electricity is now rapidly maMng headway as a motive 
power for pumps of every description, especially for under- 
ground working in collieries and mines, and in places 
where a number of pumps have to be worked which are 
situated a great distance from the motive power station. 

Pumps are driven by the electric motor in different 
ways : — 

In the case of a high-speed pump, such as one of the 
centrifugal kind, it is driven direct from the motor 
spindle. 

If the amount of space is limited and the pump is of 
the quick-speed type, it is driven by a wheel and pinion ; 
if the pump is of the slow-speed class, two sets of gearing 
and a countershaft are employed. 

If there is plenty of space, some engineers prefer to 
drive the pump or pumps by a belt from the motor. 

When gearing is employed, it is frequently of the 
" Helical " tjrpe, because this class of gearing is stronger 
and works more quietly. If ordinary gearing is used the 
pinions are generally made of raw hide. 

When belting is used and the installation is large, 
the leather-link belt is to be preferred, being stronger and 
gripping the pulleys better. A good belt of the latter 
class wears remarkably well. 

Cmtrifugal Pumps Driven Direct. 

In Fig. 24 is shown an "Invincible" centrifugal com- 
pound pressure pump driven by an electric motor, 
manufactxu%d by Messrs. Gwynnes, Ltd. , London, 
»7 
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England^ well adapted for mining purposes, waterworks, 
etc. It is claimed to be one of the most efficient water 
raisers in the world. It is simple, diirable, occupies very 
little space, and only requires an inexpensive foundation, 
and may be driven direct by electric motor, as shown 
above, or by steam, gas or oil engines, either direct or 
by belt. 

A high-lift turbine pump and electric motor, manu- 
factured by Messrs. Mather and Piatt, Ltd., Manchester, 
England, is shown in Fig. 25. It was made for the Menangle 
Water Works, Sydney. The engine for driving this set is of 
the double-acting open vertical marine type, compound and 
condensing, capable of indicati:^ 500 horse-power when 
running at 150 revolutions per minute, with 160 lbs. of 
steam pressure. The dynamo has eight poles, and is 
compound wound, and gives an output of 550 amperes 
at 550 volts. The motor is similar to the dynamo, but has 
only four poles, and is shunt wound. It works at 500 
volts at its terminals, and gives out 354 brake-horse-power, 
when running at 720 revolutions per minute. 

The pump is of the high-lift turbine type, coupled 
direct to the motor spindle. It is designed to dehver 
2,800 gallons of water per minute to a height of 265 feet. 
The water enters the revolving vane wheel axially and 
symmetrically on each side, so that axial thrust is elimin- 
ated ; the water then traverses the curved internal passages 
between the vanes, and is discharged tangentially at 
the periphery oi the vane wheel into a stationary guide 
ring, concentric with the revolving vane wheel, and having 
its guide blades so arranged as to form channels gradually 
28 
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widening from within outwards, so that the water is 
nowhere restricted or opposed in its course through the 
pump. 

Pumps Driven by Single Gearing. 

One of two sets of pumps constructed by Messrs. Hay- 
ward-Tyler and Co., of London and Luton, to the order of 
the War Of&ce for use in the generating station at Alder- 
shot, is shown in Fig. 26. Each set consists of vertical 
three-throw air pumps of " Edward's " type, 8 in. in 
diameter by 8 in. stroke, geared direct to an dectric motor 
by ^n^e reduction gear. A 6-in. centrifugal pump is 
coupled direct to the motor spindle, and a set of 3J in. 
by 6 in. stroke vertical three-throw trunk plunger pumps 
are driven by gearing from the air pump crank-shaft, for 
pumping water into a tank. The latter can be stopped 
by means of a friction dutch. 

The whole of the above pumps are driven by means of 
a 17 brake-horse-power multipolar motor, running at a 
speed of 86 revolutions per minute. 

Pumps Driven by Double Gearing. 

Fig. 27 shows a set of low-lift pumps designed for lifts 
below 200 ft. driven by an electric motor, manufactured by 
Messrs. Ernest Scott and Mountain, Ltd., Newcastle-on- 
T5me, England. The pumps are of the three-throw hori- 
zontal plunger type. 

One of the ptmips is shown in sectional elevation. Fig. 28. 
The ram is made of gun-metal, and the stuffing-box and 
gland are lined with the same material. In this pump 
is a free current for the air to flow through the working 
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barrel, and therefore no air lodges. The valve-seat B is 
kept below the under side of the waterway C. This is a 
good feature, as it allows the water to rise straight up a 
short distance without having any tendency to draw the 
valve towards the waterway. The valve boxes are all 
separate, bolted to the pump body, and interchangeable, 
like all the other parts, which is a great advantage in case 
of a break-down, especially when far removed from a 
foundry and mechanical workshop. Suction and de- 
hvery branches are arranged on either side, so that, if it 
is more convenient, the pipes can be taken from either 
side. The plungers are not provided with slipper guides 
in the low-lift pumps, except when specially ordered. 

The motor is placed at the side of the pumps, and 
drives them by means of a pinion gearing into a wheel on a 
countershaft. The pump crank is driven by pinion and 
spur wheel in the usual manner from the countershaft. 

A set of portable three-throw vertical pumps and 
protected type motor, made by Messrs. Scott and Mountain, 
is illustrated in Fig. 29. It consists of a set of three-throw 
externally packed plunger pumps driven by spur gearing 
from a countershaft, which latter is worked by an electric 
motor bolted to _ the same bed-plate, the latter being 
mounted on four wheels, so that the whole pump and motor 
can be run down the workings in mines and coUieries, as 
the work proceeds. The motor is covered in, to protect 
it from falling debris, and this prevents any sparking from 
the brushes from igniting any explosive gases that may 
be contained in the air. 

Electrically-driven a set of boiler feed pumps, as 
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ordered for the South Wales Distributing Company, at 
Pont3rpridd, manufactured by Messrs. Hayward-Tyler 
and Co., is shown in Fig. 30. The pumps, plungers, valves 
and valve seats are of gun-metal. The crank shaft is of 
the bent type, made of steel. These pumps are capable of 
delivering 10,000 gallons of water per hour against a boiler 
pressure of 125 lb. per square inch. The pumps are driven 
through double reduction gearing. 
Pumps Driven by Treble Gearing. 

A set of three-throw horizontal plunger pumps driven 
by an electric motor, manufactured by Messrs. Hathom, 
Davey and Co., Ltd., of Leeds, is illustrated in F^. 31. 
The plungers are 5} in. in diameter by 9 in. length of stroke. 
It is capable of delivering 100 gallons of water per minute, 
at 44 revolutions per minute, against a head of 540 ft. The 
plungers are provided with slipper cross-heads working 
in guides provided on the top of the bed-plates. The 
electric motor is of 35 brake-horse-power. 

Pumps Driven by Belt. 

A combined electric motor and three-throw plunger 
pump for raising 60 gallons of water per minute under a 
head of 300 ft. is shown in Fig. 32. It is manufactured 
by the Sandycroft Foundry and Engine Works Company, 
Chester, England. In this arrangement the motor founda- 
tion plate is secured to the pump bed. The motor drives a 
countershaft by means of a belt and two pulleys, and the- 
ptmip crank shaft is driven by a pinion on the coimter- 
shaft and a helical wheel on the pump shaft. The pumps 
are of the usual externally-packed single-acting plunger 
type. A delivery air vessel is provided on the delivery 
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branch pipe. A motor switch is arranged on the motor 

bed-plate. 

" Riedler " Pump Driven by Single Reduction Gear. 

A " Riedler " pump connected by single reduction 
gearing to an electric motor, is illustrated in elevation. 
Fig. 33, and end view. Fig. 34. This ^ows clearly how 
the control of the valves is effected, the principle being 
the same whatever the size of the pump or nature of the 
driving gear. It consists of a wrist plate which is oscil- 
lated by means of an eccentric and rod, from the pump 
crank shaft, and the suction and delivery valves are actuated 
from the said wrist plate by means of levers and connecting 
rods or links. 

A section of the " Riedler " difierential plunger or 
plunger-and-pltmger pump is shown in Fig. 35. 

The pump consists of a body casting, fitted with two jdungers, 
/ and H, the former being twice the area of the latter ; the two 
being connected by means of the rods G, one on each side of the pump 
body. The action of this pump is as follows : — When the plungers 
are moved towards the right, the water enters the suction pipe >4, 
through the pipe B, and the suction valve £, into the large working 
barrel. On the return stroke, that is, when the plungers move 
towards the left, the suction-valve E closes and the water is forced 
through tiie ddivery valve F ; but as the plunger H is only half the 
area of the plunger /, half the water will pass into the left-hand 
working barrel, the remaining half is forced through the passage 
C into the delivery-pipe or rising main D, On the return stroke 
towards the right the small {hunger H discharges the other half of the 
water through the passage C into the delivery pipe D. From this 
it will be seen that the suction is single-acting and the delivery 
double-acting with only two valves. The displacement must be 
calculated as a single-acting pump with an area equal to the larger 
[dunger /, or as doable-acting if the area of the small {hunger is 
taken. 

An electrically-driven sinking pump, manufacttired 
32 
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by the Sandycroft Foundry and Engine Works Co., Ltd., 
Chests, Ei^Iand, is illustrated in Fig. 36. 

The pump is of the duplex single-actiiig plunger type. The 
pomps and valve boxes are in one casting, a single cover giving 
access to all the valves. The plunger glands are easily packed, 
being outside. Above the pump body ia an intermediate piece 
carrying the cranks, reduction gearing, connecting rods, and guides. 
Two eye-bolts are provided on the top of the motor for slinging 
the whole apparatus in a shaft or winze. A provision is also made for 
securing the pump to cross timbers, if desired. 

The reducing gearing comprises a raw-hide pinion on the motor 
shaft, gearing into a cast-iron wheel on the second motion shaft. 
A cast-iron pinion on the second motion shaft gears into a cast- 
iron wheel on the pomp crank ^laft. 

The motor is of the damp-proof type. It is provided 
vnth laminated poles and a slot wound armature, the 
winding consisting of former wound coils. The bearings 
are self-oiling. 

A set of three-throw electrically-driven pumps, manu- 
factured by Messrs. P. R. Jackson and Co., Ltd., Manchester, 
England, is shown in Fig. 37. The pumps are driven by 
double reduction gearing, consisting of ordinary spur 
wheds and pinions. The plungers are provided with 
cross-heads, working in ^pper-guides furnished on the 
top of the bed-plate. The piunp crank-^iaft bearings are 
diagonal, so that the thrust of the plungers does not come 
on the cap^bolts, but on the solid part of the casting. 

A vertical set of three-throw plunger pumps driven 
by an electric motor, is shown in elevation. Fig. 38, and 
end view Fig. 39. It has been designed by Messrs. Andrew 
Barclay, Sons, and Co., Ltd., Kilmarnock, Scotland. The 
reducing gear in this case consists of a worm and worm- 
wheel. The plungers are 7 in. in diameter by 9 in. stroke, 
VOL. n. 33 D 



ly Google 



PROGRESS IN PUMPS AND ENGINES 

and they run at a speed of 40 revolutions per minute. 
These pumps are. capable of forcing 8,000 gallons of water 
per hour into a boiler having a working pressure of 225 lb. 
per square inch. Fig. 40 shows a sectional elevation of 
one of the pumps and valve boxes. 

The crank-pin ends of the connecting-rods are of the marine 
type and cross-head pin ends are made adjustable by means of a 
gib and cottex. The cross-head pin is secured inside the phingers. 
The phingers, besides being guided inside the pump stuffing-boxes and 
glands, are also working in gun-metal bushed guides, secured be- 
tween the two A-frames, which cany the puap crank-shaft The 
suction and dehvery valve boxes are cast in one and secured by 
branches to the working barrels, and an air vessel forms a cover 
for the delivery valve-boxes, a side cover being furnished for access 
to the soctioo valves. A relief valve is provided on the main de- 
livery pipe. 

When these pumps are worked by spur gearing, the ratio is 
usually made six to one. 

Fig. 41 is a reproduction of a photograph of a set of 
horizontal three-throw pumps made by the same firm, 
worked by an electric motor. The plungers, in this case, 
are 10 in. in diameter by 12 in. stroke, and are designed 
for running at a speed of 50 revolutions per minute and to 
deUver 500 gallons of water per minute against a head 
of 165 ft. All the spur wheels used in these pumps are 
madiine cut. 



8. Steam Pressure Pumps 

The steam engines employed for actuating pumps may be 
divided into two classes ::— 

1. Direct-acting; and 

2. Rotative Engines. 
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I. Direct-Acting Steam Pumping Engines. 

A direct-acting pumping engine is a machine for 
raising water or any other liquid, fluid or semi-fluid, so 
constructed that the pump is worked by a motor cyhnder 
without the intervention of connecting-rods, cranks, or 
fly-wheel. 

These engines may be subdivided into : — 

A. Single cylinder, or Simplex; and 

B. Duplex pumping engines^ 
A. Single-cylinder, or Simplex. 

Although the " Cornish " and the " Bull " engines 
come under this class we will leave them out, as they 
are so seldom employed, having been superseded by the 
more modem tj^pes. 

This class of pumping engine or, perhaps, more cor- 
rectly speaking, steam piunps, originally did great service 
in its simplest form, as feed-pumps, when comparatively 
low steam pressures were used, the plant small, and the 
price of coal moderate. Now, when fuel is dear, and the 
steam pressure high, more economical types are employed, 
having their cylinders compounded. 

The direct-acting pumps are made both horizontal and 
vertical, and used for an endless variety of purposes. A 
steam fire engine for large factories, manufactured by 
Messrs. Ha3rward-Tyler and Co., London and Luton, Eng- 
land, is illustrated in Fig, 42. It is of the "Universal" 
long-stroke type, with ontside slide valve. The steam 
valves are actuated 1^ steam on the positive principle, 
that is, they are moved by the direct pressure on steam 
from the piston through shooting ports provided in the 
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steam cylinder. Directly the main piston has passed a 
small port in the cylinder, the steam passes on to the back 
of an auxiliary valve, working inside the main valve, and 
admits steam behind it, and opens the main steam ports 
ready for the return stroke. The same operation goes 
on at the other end of the steam cylinder. 

The water cyhnder is of the double-acting piston type, 
fitted with indiarubber ball-valves, for rapid nmning. 

In this example the steam cylinder is 12 in. in diameter, 
and the water cylinder 7^ in. in diameter, both having a 
stroke of 15 in. 

Illustration Fig. 43 shows a steam pump for coUieiy 
work of the " Niagara " type made by the same firm, with 
outside steam valves, and provided with a long stroke. 
The valve gear is similar to that of the fire engine, Fig. 42, 
but the water part is of the externally packed double- 
acting plunger type. It consists in reality of two single- 
acting ram pumps placed face to face and one plunger 
working into both working-barrels, and connected to 
the pump rod, which latter works through a stuffing-box 
and gland. 

This example has a steam cyhnder 21 in. in diameter, 
plunger 9 in. in diameter, and a stroke of 48 in., suitable 
for a lift of 320 ft., with a steam pressure of 50 lb. per 
square inch. 

A sinking pump fitted with Bailey and Lindemann 
water part, called the " Denaby " sinking pump, manu- 
factured by Messrs. W. H. Bailey and Co., Ltd., Salford, 
England, is illustrated in sectional elevation. Fig. 44, and 
perspective view. Fig. 45. In this pump there are three 
36 



ly Google 



p. R. BjSrUng. — PumPi and Pumping Engitu* 



ll 



wGoOglc 



p. R. Bidriingt—Fumpt ai>d itwtpMC Ent"U$ 



ly Google 



J». S. Biirting.—Pumpt and Pumping Enginit 



rta. 44. SECTIONAL V 



FIG. 45. OUTSIDS V 
THE " DENABT " SINKING POMP. 



wGoOglc 



p. R. Bjorling. — Pumpi and FumfiHig Engintt 



no, 46. weir's direct acting boilek 



PIG. 47. WEIR TANDEM COMPOUND 



wGoOglc 



STEAM PRESSURE 

plungers. A, B, and C ; the small plungers B and C are 
one-fourth of the area of the large plunger; E, F 
are the cases for the two small plungers; and the de- 
livery valve or valves, as the case may be, is placed in a 
clack-piece formed on the top of the pltmger-case for the 
lai^e plunger. In th^ example before us the pump is 
worked direct from a steam cylinder, and the case for the 
plunger is coupled to the piston-rod by a cotter. 
In Fig. 44 the plunger B acts as an air vessel, and the 
water is delivered through the small plunger G, into the 
back-pressure or retaining valve. In Fig. 45 the water 
is delivered through both the small plungers B and 0, 
carried through two pipes which are joined above the 
cylinder into one central rising-main, so that everything 
is perfectly balanced. 

The steam cylinder is fitted with Davidson's direct- 
acting valve gear. 

The " Weir " patent direct-acting feed pump, illus- 
trated in Fig. 46, is manufactured by Messrs. G. and J. 
Weir, Ltd., Cathcart, Glasgow. The peculiar feature 
in this pump is the patent steam valve gear. 

It consists of a main and an atudliaiy valve. The main valve 
is for distributing steam to the cylinder ; the aoxiliary ftH: distri- 
buting steam to work the main valve. The main valve is moved 
horizontally from side to side, being driven by steam admitted and 
exhausted from each end alternately. The auxiliary valve is 
actuated by lever gear from the pump rod, and moves on a face (ui 
the back of the main valve, and in a direction at right angles to the 
main valve. By this arrangement there is no dead centre, the 
action being absolutely podtive, because the only possible positim 
in which the main valve can rest is at full travel — edther for an up 
or down stroke of the pistoiL 

Both the main and auxiliary valves are simply slide valves, but 
the 'former is half round, the round side working on the cylinder 
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port face, which is bored out on one side to fit the valve. On the back 
of this main valve a flat is formed for the auxiliary valve to work 
opOD. Both ends of the main valve are lengthened so as to project 
beyond the port face, and are turned cylindrical with Sat ends. Caps 
are fitted on each of these ends forming cylinders, which are closed 
at the mouth by the flat ends of the main valve, which act as pistons. 
The functions of the auxiliary valve are to admit steam through 
the ports on the back of the main valve to move the main valve 
from side to side. The ports for admitting steam to the top and 
bottom of the cylinder are arranged to cut off before the end of the 
stroke, and so slow down the pump, thus permitting the water 
valves to settle quietly and relieve the connections from any shock. 
On the last quarter of the stroke the steam is thus used expansively, 
so Meeting a considerable economy in steam consumption. Pro- 
visitm is made, however, round the caps covering the end of the 
main valve by admitting live steam during the entire stroke, as, 
when the pumps are standing and the metal is cold, the steam con- 
denses and it is necessary to clear out the chamber of water. These 
caps are turned by means of a gun-metal spindle with indicating 
pointers at each side of the steam valve chest. The stroke of the 
pomp can be adjusted vAale the pump is working by nuts on the 
valve spindle. 

The pump is of the double-acting piston type, the 
valves at each end are of the multiple gun-metal type, 
placed at the upper part of the working barrel, at the 
proper place, so as to prevent the too usual air-lodge at 
the top end of vertical piston pumps. The steam and 
water cylinders are connected by two columns, and the 
valve lever is fulcrumed on a rod connecting the steam 
chest with the pump valve-box. 

Fig. 47 represents the " Weir " vertical tandan com- 
pound feed-pimip, suitable where the boiler plant is of 
comparatively small dimensions, and a single pump is avail- 
able. The high-pressure cylinder is fixed above the low- 
pressure and a single steam valve is employed for the 
steam distribution. A steam receiver is bolted to the 
low-pressure cylinder, connected with the exhaust from 
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the high-pressure cylinder, and the steam admission on 
the low-pressure cylinder. 

The water cylinder is similar to the sing^ cylinder type, 
illustrated in Fig. 46. 

Messrs. Weir's watdr pistons are of a novel description. 
There are three rings forming a T ; the packing rings are of 
specially manufactured ebonite, and are cut at an angle to 
permit of their expanding and filling the working barrel. 

The independent direct-acting high-presstire feed 
pump, illustrated in sectional elevation, Fig. 48, is manu- 
factured by Messrs. Clarke, Chapman, and Co., Ltd., of 
Gateshead-on-Tyne. The pump shown is of the single 
cylinder type, fitted with Woodeson's patent steam valve 
gear. The hydraulic part is of the double-acting piston 
type, and fitted with multiple suction and deUvery valves 
for the top and bottom of the working-barrel. The steam 
cylinder is secured to the hydraulic cylinder by means of 
three steel columns. 

The valve chest is fitted with a liner manafactured of the best 
close-grained cast iron, of a suitable thickness to withstand any 
tendency to distort throagti the temperature of high-pressure steam. 
This liner is divided into two chambers, a top chamber or main 
steam chest, and a bottom chamber or auxiliary steam chest. In 
the top chamb^ the main valve is fitted, whidi gives steam and 
exhaust to the steam cylinder, and is controlled by an auxiliary 
valve, which is fitted in the bottom chamber of the liner and is 
actnated by a lever and spindle which are moved backwards and 
forwards by the cross-bead on the piston rod. Both the main and 
auxiliary valves are of the piston type and are perfectly balanced. 
The main valve is free to be moved up and down by the steam 
admitted to it by the auxiliary valve through ports and passages 
cat in the outside of the liner for that purpose ; it also cushions 
itself and is prevented from sticking each time it is moved up or 
down by closing the exhaust port at either end of the top chamber. 
The auxiliary valve is fitted oa the spindle between a collar and 
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a not, and it is imposdble to replace either main or anxiliaiy valves 
in a wrong portion alter overhauling the pomp. To the top of the 
main valve is attached a small spindle with handle fitted to it ; by 
this means it is possible to see exactly what the main valve is doing, 
and it is also nsehil to move the valve up and down by hand to free 
it fnHQ any impediment vriuch may t^ve accumulated, should the 
pomp have been standing for any length of time. 

The pomp rods are cold-rolled manganese bronze, working in gun- 
metal glands and neck-bushes. 

Fig. 49 is a reproduction of Messrs. Clarke, Chapman 
and Co.'s compound leed-pump. Tlie low-pressure ^^ve 
gear is exactly like the one just described, but the high- 
pressure valve is a plain piston valve actuated by the 
spindle of the low-pressure valve. 

The hydraulic part is similar to that of Fig. 48. 

Clarke-Chapman horizontal direct-acting feed-pump 
outside packed ram type, fitted with Woodeson's valve 
gear, is illustrated in elevation. Fig. 50, and plan. Fig. 51. 
The pump part is of the two-ram type, the rams being pro- 
vided with cross-heads and connected by side rods. The 
suction and dehvery valve boxes are bolted to the barrels. 
This is a good arrangement in case of a breakdown, but 
it increases the clearance space in the pump, hence pre- 
vents the pump from raising the water from any great 
depth, which is seldom the case with boiler feed-pumps, 
especially if the feed-water is hot, when the water must 
be run into the pump, or the lift reduced to the smallest 
amount possible. 

The fc^owing is a copy of an official test taken with Clarke- 
Chapman Tandem Compound Direct-acting Feed-pump, " Woode- 
son's Patent," supplied to the Charing Cross and Gty Electric 
Co., Ltd., London : — 

Date Sept 12, 1901. 

Steam-pressure, per square inch . . 182 lb. 
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PFessore in delivery pipes, per square 

inch 183 lb. 

Water horse-power developed . . 20-96 „ 
Weight of steam used per hour . . 849 „ 
Pounds of steam used per water horse- 
power per hour .... 40-5 „ 
Pounds of water discharged against . 185 „ 
lb. pressure per 81b. of steam used 114-6 „ 
Number of strokes per minute . . 17 „ 
Efficiency of pomp .... 97-1 „ 
High-pressure cylinder . 9i i°* 
Low-pressure cylinder . . 18 „ 
Water cylinder .... 9^ „ 
Length of stroke . . 19 „ 



Tests of a Garke-Chapman Simple Slow Speed Feed Pump, 
" Woodesim's Patent," taken by W, Fc^gin, Esq., of Messrs. 
Foggin and Reed, C(»isalting Engineers, Newcastle-on-Tyne, 



Diameter of steam cylinder . . 8 in. 

Diameter of water cylinder . . 6 „ 

Length of stroke 18 .. 

Average double strokes per minute i6-8 „ 

Average steam pressure in lb. per 
square inch .... 150 „ 

Average pressure of discharge of pump 168-5 » 

Gallons of water per double stroke . 3-8 „ 

Pounds of water discharged against 
3 pressure of i66-5 lb. per sqnare 
inch per lb. of steam used at a pres- 
sure of 150 lb. per square inch . . 78-04 „ 
The pomp efficiency during the whole of the above tests was 
99-4- 

Fig. 52 is a sectional and front elevation^ and Fig. 53 
an outside view of a very economical pump of this class. 
It is of the vertical direct-acting compound type, and 
manufactured by Messrs. J. P. Hall and Sous, Ltd., Peter- 
borot^h, England. The water cylinder is of the double- 
actii^ piston t3rpe, iitted with flat seat gun-metal valves, 
provided on their back with springs for rapid and certain 
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closing. The steam cylinders are worked tandem fashion, 
the low-pressure cylinder being placed below the high- 
pressure one. 

The valve arrangement is of a peculiar coDstmction, consisting 
of two piston valves controlled by an auxiliary valve on the front 
of the steam-chest. The auxiliary valve is also of the piston type» 
and is operated by means of levers from the engine ptston-iod. 
The upper valve is that of the high-pressure cylinder, which is 
operated by steam, thus giving motion to the low-pressure valve by 
means of a rocking lever shown in the end view. Fig. 52. Thi 
rocking levei is provided with a handle, in order to start the pump, 
which is done by placing the high-pressure valve in the opposite 
position to that it would occupy if the pump were working. This 
fills the high-|H«ssure cylinder with steam, so that when the 
positions of the valves are reversed such high-jnessure steam is 
ezhansted into the low-pressure cylinder and the pomp then 
continues in motion as long as steam is on. 

B. Duplex Pumps. 

A vertical duplex single-cylinder boiler feed-pump is 
illustrated in Fig. 54. The steam cylinders are of the 
ordinary duplex type, in which one cylinder actuates 
the slide valve of its neighbour ; the valves being moved 
by levers from the piston-rods. The brasses in the wiper 
brackets are made adjustable. 

The water cylinders are of the double-acting piston 
t5rpe. The water valves have their lift controlled by a 
spiral spring, the valves being threaded upon the central 
spindle, which also serves to retain the valve studs in 
place. This arrangement makes a very quiet workii^ 
^^ve. 

This and two following pumps are manufactured by 
Messrs. J. H. Cairuthers and Co., Ltd., Glasgow, Scotland. 
In Fig. 55 is shown a vertical compound boiler feed- 
pump. The high-pressure steam valves are of the piston 
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type and the low-pressure valves are of the ordinary slide 
type. There are double stuffii^-boxes, which separate 
the h%h-pressure and the low-pressure cylinders ; this 
arrangement prevents any leakage of steam from the 
one cylinder to the other, and is always open to inspec- 
tion. 

A combination of vertical low-service duplex steam 
pump, vertical steam boiler and vertical duplex boiler feed- 
pump is illustrated in Fig. 56. The boiler is 4 ft. in dia- 
meter by 8 ft. high, havii^ a working pressure of 100 lb. 
per square inch. The duplex low-pressure pimip has 6-in. 
steam cylinders, 8-in. water cylinders and 6-in. length of 
stroke. The duplex boiler feed-pump has 3-in. steam 
cylinders, i|^ in. double-acting [uston pumps, all having 
a stroke 3 in. in length. The plant illustrated was fitted 
in a barge for supplying fresh water to steamers in an open 
harbour. 

Another combination of vertical boiler and duplex 
steam pump, mounted on one bed-plate, is illustrated in 

Fig. 57- 

The pumps are of the low-service " Gordon " duplex 
type, as manufactured by Messrs. Hayward-Tyler and Co., 
and suppUed to the India Office. These pumps have 
steam cylinders 6 in. in diameter by 6-in. stroke, the water 
Grinders being sJ in. in diameter. One water cylinder 
of each pump is fitted with end-feed attachment for boiler 
feeding, against a pressure of 70 lb. per square inch. 

The pumps are capable of delivering 6,000 gallons of 
water per hour, 100 feet above the source of supply, from 
a depth of 20 ft. below centre of pump. 
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The boiler is of the vertical cross-tube, 3 ft. 6 in. in 
diameter of shell by 9 ft. 2 in. in height of shell. 

Reading water-works engine is shown in sectional 
elevation,^ Fig. 58. This plant consists of a triple expan- 
sion, high-duty surface condensing Worthington pumping 
plant, manufactured by Messrs. James Simpson and Co., Ltd., 
of Lon<fon. It is capable of raising 3,000,000 gallons of 
water in 24 hours, against a head of 120 feet, with a 
steam pressure of 150 lb. per square inch, and a piston 
speed of 125 ft. per minute. 

The steam c^inders are arranged tandem fashion. The high- 
jHVSSure cylindo: is ix in. in diameter, the intermediate 17 in. is 
diameter, and the low-pressure 30 in, in diameter. The main 
jdongers are 16 in. in diameter, all having a stroke of 18 in. 

The main steam and exhaust valves are of the semi-iotaiy or 
Corlis type, arranged so as to insure the perfect drainage of the valve 
chests and steam cylinders. The exhaust valves are operated by 
means of levers comiected directly with a wrist plate, and so ax- 
ranged that the motion of the piston rod on one side operates the 
exhaust valves of the opposite side. The main steam admission 
valves aie attached to a floating fulcrum on the wrist plate men- 
tioned above : the cut-off motion being givm by a direct connection 
between the floating fulcrum and its own engine. By this means 
an absolute positive cut-off is obtained. 

The high-duty attachment consists of two oscillating cylinders 
attached to each piston rod, and supported in the main frame. 
These cylinders are connected by pipes and are filled with oil, re- 
ceiving fnna the main pump air-chamber the air-pressure increased 
in the desired proportion by means of an interposed differential 
accumulator. The [hungers resist the advance of the piston-rod 
at the beginning of the stroke and assist it at the end. The action 
is substantially that of a fly-wheel. 

The main pumps, two in number, are of the multiple 
valve type, having two internal plungers. 

A surface condenser is placed on the delivery main, 
and all water pumped by the engine passes through it, 
the use of a circulating pump being thus avoided. 
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Frimley and Famborough Waterworks, Itchell Well, 
13 shown in Fig. 59. This i^ant, manufactured by the 
above finn, consists of two triple expansion horizontal 
snrface condensing Worthington pumping engines, with 
two sets of pump work. Each engine is capable of raisii^ 
20,000 gallons of water per hour from a well 50 ft. deep, 
and forcing the same through three miles of 8-in. main to 
a static height of 400 ft. The boiler pressure employed is 
120 lb. per square foot. 

The steam cylinders are airanged tandem, with one high-presstue 
c^inder 8 in. in diameter, one intermediate 12 in. diameter, and ona 
low<pFessiire 20 in. diameter on each side, the low-pressure cylinder 
being farthest from the high-hft pumps. The high-lift pumps are 
of the plunger type, 7i in. in diameter, which, like the cylinders, have 
15 in. stroke. The low-lift pomps are of the bucket type, SJ in. 
in diameter by 10 in. stroke. 

All the cylinders are steam jacketed, covered with non-conducting 
composition and lagged with jdanished sheets. 

The steam valve gear consists of two separate and distinct sys- 
tems, viz., the main steam valve system and the expansion valve 
system. The former is operated by the cylinder on the opposite 
side of the engine and controls the steam inlet and exhaust, irtiilst the 
latter system is operated from the [Hstons of its own engine and 
controls the amount of expansion. The main steam valves are of 
the semi-rotary fype and are arranged underneath the c^inders. 
The steam and exhaust valves are operated by directly connected 
levers, thus avoiding the uncertainties of eccentrics, gears, and cams. 
The amount of expansion in the high-pressure cylinder can be 
adjusted by hand while the engine is running. 

A surface condenser is arranged on the delivery ; the whole of the 
water passes through the body outside the tubes, whilst the exhaust 
steam passes inside the tubes on its way to the air pump. 

The high-lift piunps are Worthington externally packed 
plunger pumps, double-acting on both suction and de- 
livery, the pump valves being multiple spring-closed 
valves with gun-metal seats readily accessible and easily 
removed, replaced, and examined. 
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A small compact installation for pmnping from a 
bore-hole erected at Kesteven Asylum^ Lincolnshire^ 
by Messrs. Hathom, Davey and Co., of Leeds, is illus- 
trated in Fig. 60. The engine is of the^ beam type, 
having a steam cylinder 10 in. in diameter by 2 ft. 
stroke. From the opposite end of the beam is worked 
a bucket-and-plunger pump, having a bucket 6^ in. in 
diameter and plunger 4J in. in diameter by 3-ft. stroke, 
and a ram-pump 8 in. in diameter by 2-ft. stroke, the 
steam pressure being 80 lb. per square inch. This engine 
raises 5,000 gallons of water into a tank 20 ft. above the 
engine-house floor level. The delivery from the force- 
pump passes through the dome-topped casting which 
supports the beam. The upper part of the casting acts 
as an air-vessel, while the surface condenser is placed 
in the lower part. The pumps deliver on both up and 
down stroke, the ram at the top being half the area of the 
bucket. The steam-valve gear is of Mr. Henry Dave/s 
well-known " difierential " type. The whole of the 
engine is self-contained, on a cast-iron bedplate, which 
rests on a concrete bed at the top of the bore-hole. 

2. Rotative Steam Pumping Engines. 
A pumping engine constructed for the Leicester Cor- 
poration Waterworks for raising 10,000 gallons of water 
per hour, against a head of 60 ft., from a well 20 ft. deep, 
manufactured by Messrs. Hayward-Tyler and Co., is shown 
in Fig. 61. 

This engine is of the vertical fly-wheel type, having 
two cylinders 9 in. in diameter by 9-in. stroke, placed over- 
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head, working two bucket-pumps, having buckets 7 in. 
in diameter by 9-in. stroke. The pump barrels are lined 
with gun-metal. The buckets are fitted with cup-leathers. 
The valves are of gun-metal, disc type, with gun-metal 
seats, and brass springs for rapid closing. The steam 
piston-rods and the pump-rods are connected by a kite, 
which is coupled to the crank pin by means of a short 
connecting-rod. The pimip valves are arranged in the 
standards which cany the cylinders. 

Fig. 62 illustrates an " Invincible " centrifugal steam- 
driven pump, as manufactured by Messrs. Gwynnes, Ltd. 
It is provided with the Gw3mne-Sargeant patent balanced 
tubular disc, which permits of exceptionally large solids, 
compared with the area of suction and delivery pipes, 
passing through the pump. Every part is of great strength, 
and the arrangement of the inside is such that the cutting 
action of the slime is reduced to a minimum. 

The pump is secured to the end of the vertical engine 
frame in such a manner that it can be swivelled and the 
suction and delivery can therefore be placed at any angle. 

Messrs. Eraser and Chalmers, of London and Eritb, 
England, supplied the engine shown in reproduction 
Fig. 63, and sectional ele^^tion of the pumps, Figj 64, to 
the Powell Duffiyn Steam Co., in June, 1897. This 
engine is of the Cross compound type, fitted with Riedler 
pximps behind each cylinder. The high-pressure cylinder 
is 30 in. in diameter, and the low-pressure 57 in. in diameter, 
both having a stroke of 48 in. The plungers are 6^ in. 
in diameter. The capacity of this pump is 1,000 gallons 
per minute, against a head of 1,600 feet, when nmning 
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at 40 revolutions per minute^ that is^ a piston speed of 
320 ft. per minute. When desired, either side is capable 
of being cut out, and the full duty can be done by the re- 
maining side when running at 80 revolutions per minute, or 
a piston speed of 640 ft. per minute. 

Both cylinders are jacketed with valve chambers cast in the 
body ot tiie cylinders. The steam valves are single-ported in the 
high-pressure and double- ported in the low-pressure cylinder. 
The inlet valves are closed by spring dash-pots, the point of cut- 
off being ccmtrdled by a governor on the high-pressure side, by hand 
adjustment on the low-pressure side, or by governor when running 
that side only. 

Both high- and low-pressure pistons are fitted with two rings 
and a lining of special babbit. A reheater receiver is mounted 
overhead and fitted with 3^in. wrought-ir(Hi tubes, the steam passing 
through the tubes. 

The feature of this pump is that all pipes are kept above the 
floor. On account of the bad nature of the ground a substantial 
framework was built of H beams and channels set on walls to carry 
this engine. 

The governor is of the " Porter " or central-weight type, having 
adjustable weight, so that the engine can be controlled at any 
desired speed. 

The pump barrels are of cast steel, suction and deUveiy valves 
and all the valve seats are of gun-tnetal, with an area of 58 square 
inches, through the valve seats. The valvee are cone seated, fitted 
with leather seating rings. The dehvery air-vessels are of steel. 

One of the pumps is shown in sectional elevation. Fig. 64. There 
is only one suction and one deUvery valve to each of the pumps, 
which are mechanically controlled, so that the valves work equally 
well under all pressures. The valve arrangement is shown in Fig. 
65, on the left of which is the valve beat, the face for which is shown 
at A, the spindle of same terminating with a cap H. Bis the valve 
pn^r. i^ is a rubber buffer fitted over the shank G, which in 
torn fits over the valve shank and is prevented from sUpping off 
same by cap-nut £. That portion of the valve bonnet extending 
into the valve-chamber is shown at P. This bonnet contains the 
packing through which the spindle K passes, having on its end 
the forks /. ^ Keyed to the spindle K is lever L, through which 
the spindle receives its motion from the pump wrist-plate. The 
bronze pins M have taper ends, which bear on the taper on edge 
of valve-seat, and hcAA the valve-seat down in position. ^ is a 
groove used for hydraulic packing. 
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At the beginning of the suction stroke the valve opens auto- 
matically, controlled, however, by a mechanical device. Near the 
end of the stroke, the forks on the end of the shaft move downward, 
and before the plunger starts on its return stroke close the valve, 
thos preventing all dip and pounding of the valve so common in 
ordinary pumps. 

It is well to note here that there is no metal- to-metal contact, 
as there is always a film of water over the faces of both valve and 
valve seat. It is these films that actually come in contact, thus 
practically forming at this point a water cushion; which not only 
aids in preventing pounding but greatly adds to the life of valves 
and seats. 

In case of an obstruction between the valve and its seat, the 
rubber buffer will be compressed, thus preventing any injury to 
mechanism. The work required to close the valves amounts to 
very httle, practically nothing more than the friction of the gear. 
This, as can be seen from the construction, is very small. The 
motion to the valve mechanism is obtained from an eccentric on 
main shaft through an intervening wrist-plate. The low-hft pumps 
at the back of the main pomps act also as air pumps, and deliver 
water pumped to a tank at the back of the engine-room, and from 
there the water is delivered to the main pumps. This avoids any 
chance of the main pumps drawing air, which might be dangerous 
under a high head. These air or low-lift pumps are single-acting, 
with 13 in. diameter of plungers, with gun-metal valve plates and 
special " Ktnghom " type of valves. The jet condensers are at 
the side of these air pumps, with the exhaust {npe leading into the 
top of them. The amount of water drawn through the condenser 
and air pumps is controlled by a float in the tank at the back. 

The fly-wheel is x6 ft. in diameter, weighing about 16 tons, and 
a two-stage air-compressor is suppUed to chaige air-vessel, and in 
addition to these an independent one, steam driven, so that the 
air-vessel may be charged when the engines are standing. 

Another Cross compound engine made by Messrs. 
Fraser and Chalmers, for Rockhampton Waterworks, 
Queensland) is illustrated in Fig. 66. The high-pressure 
cylinder is 14 in. in diameter, the low-pressure 24 in. in 
diameter, both having a stroke of 36 in. A double-acting 
plunger pump is fitted behind each cylinder, the pumps 
being of the Riedler type. The plungers are 7} in. in 
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diameter, the capacity being 1,670 gallons per minute 
against a head of 205 ft., or maximum 252 ft., when running 
at 70 revolutions per minute, equal to a piston speed of 
420 ft. per minute. 

The duty guaranteed was 110,000,000 ft.-lb. per 1,000 
lb. of dry steam, or 15 lb. per indicated horse power ; steam 
pressure lox lb. per square inch. The ei^ine is fitted 
with a sur&ce condenser and ' ' Edwards ' ' patent air pump. 

The cylinders aie steam jacketed, with valves in the body. The 
pump wrist-plate is driven bom the same eccentric as the steam 
wrist plate. The cut-ofi gear is c(»itrolled by a Hartnell governor. 

The fly-wtieel is 12 ft. in diameter, weighing about 4^ tons. The 
jNston-rods are fitted with " Tripp's " metallic pacldng. A re- 
heater receiver is provided, fitted with 2^in. wiought-iron tubes. 
Th^e are two vertical single-acting " Edwards " air pumps, zo 
in. in diameter by x8-in. stroke, fitted with " Kinghom's " delivery 
valves. These pumps are connected direct to the tul rod of tiK 
high-pressure si^. 

An independent air charger is fitted to the delivery air vessel ; 
it is of the Westint^umse type, which can also extract the air from 
the sactioD chamber when necessary. 

In connection with the air pumps there are two boiler-feed pumps. 
The surface condenser is mounted overhead. The tabes are all 
of brass, having an area of 360 square feet. The water delivered 
from the Riedler pomps passes through the condenser and round 
the tubes, that is, between the tube plates. 

The " Edwards " air pump is shown in sectional 
elevation, Fig. 67. The condensed steam, and in the case 
of jet pumps the injection water also, flows by gravity 
from the condenser into the base of the pump. It is there 
dealt with mechanically by the conical bucket, which, 
working in conjunction with a base of similar shape, pro- 
jects the water silently and without shock, through the 
ports into the working-barrel. Free air inlets are main- 
tained and the water, instead of obstructing the entrance 
50 
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of the air, as is the case in the ordinary type of pump, 
tends to compress the air already in the barrel, and to 
entrain or carry in more air with it. The clearance space 
above the piston at the top of the upward stroke is re- 
duced to a minimum, thereby considerably increasing 
the efficiency of the pump. In the " Edwards " pump 
the speed of the water must correspond to the bucket, 
and is in no way dependent upon pressure in the condenser 
to drive it into the pump, consequently is not impaired 
as the speed is increased. It has a small and regular 
quantity of water to deal with at each revolution, and 
the violent shocks due to sudden flooding are avoided. 
There are no valves except the overflow valves at the top 
of the working barrel. 

Bamet Waterworks machinery, represented in Fig. 
68, was manufactured by Messrs. James Simpson and Co. 
The engine is of the horizontal tandem surface-condensing 
type, with two sets of pumps, capable of raising 500,000 
gallons of water in 24 hours. The well-pumps raise the 
water from a depth of 325 ft. and dehver into a tank on 
the surface. The high-lift pump draws its water from 
this tank and delivers into the district supply main. 

The high-pressure cylinder is iij in. in diameter, and 
the low-pressure 24 in. in diameter, both having a stroke 
of 24 in. Hie deep well piunps are lo^ in. in diameter by 
18 in. stroke, and the high-lift pumps 11 in. in diameter, 
by I5i-in. stroke. 

The engine is of the Corlis frame type, the low-pressure 
cylinder being placed next the crank-shaft, with the hi^* 
pressure cylinder tandem to it. Both cylinders are bolted 
SI 
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to a girder bed forming part of the foundation, and are 
connected by a central trunk casting. 

Both high- and low-pressure cylinders are fitted with trip valve 
gear having circular douUe beat-drop valves. The valves are 
lifted and released by trip-levers actuated by eccentrics driven 
from a horizontal shaft rotating at the same speed as the crank- 
shaft, and ninning parallel to the engine-bed. The governor auto- 
matically controls the length of time the trip-levers are in contact, 
thus r^ulating the speed of the engine. The exhaust valves of 
both cylinders are of the double gridiron type, placed underneath 
the cylinders. In this way the draining is efficiently carried out. 

The main frame is a heavy cast-iron frame, forming a bored guide 
for the piston-rod cross-bead. The end projects into the cylinder, 
forming the front cover. 

The engine is fitted with a surface condenser having sohd drawn 
brass tubes fitted with stuffing-boxes having screwed gun-metal 
packing glands. Large doors in the condenser make the over- 
hauling and repairing of the packings a very simple matter. The 
exhaust steam is led to the condenser by easy bends, passing inside 
the tubes on its way to the air pump ; whilst the whole of the water 
delivered by the well pumps passes through the condenser outside 
the tubes. 

The high-lift pump is a horizontal externally packed plunger 
pump, double-acting on both suction and delivery and driven 
direct from a bell-crank, having a connecting-rod to the guided 
cross-head at the tail end of the piston-rod. 

The well pumps are driven from the same bell-crank, the two 
top lengths of pump rods being attached to the cross-beads working 
in vertical guides. From these cross-head connecting-rods are 
carried the bell-cranks. The working-barrels are bung from the 
pump heads, and form part of the rising main. This enables them 
to be drawn up at any time for examination or repair with the 
greatest ease. 

A trial was held on th is engine, the duty obtained being 114,000,000 
foot-lb. 

In Fig. 69 is depicted a single-acting deep-lift pump, 
designed by Messrs. Mather and Piatt, Ltd., for raising water 
from bore-boles. Tlie engine is of the horizontal com- 
pound type, the pump crank-shaft being driven by means 
of a sptn* wheel and a pinion secured on the engine crank- 
52 



ly Google 



STEAM PRESSURE 

shaft. The working-barrel, fitted with a foot valve, is 
placed well below the lowest level in the bore-bole. Both 
the bucket and the foot valves are of the quadruple beat 
class, ' permitting a very small lift of the valve, thus 
reducing the concussion and wear to a minimum. 

A triple-expansion pumping engine, built by Messrs- 
Hathom, Davey and Co., Ltd., for the Leeds City Water- 
works, is illustrated in Fig. 70. The high-pressure 
cylinder has a diameter of 15 in., the intermediate 25 in., 
and the low-pressure cylinder 40 in. in diameter, all 
having a stroke of 36 in., the mean ratio of the cylinders 
being i, 2*80, 7-33. The crank sequence is intermediate-, 
high-, low-pressure. The steam valves on the cylinders 
are " Corlis "^ valves in the cylinder heads, with a very 
simple trip gear. The trip gear of the high-pressure 
cylinder is controlled by a centre-weight governor. TTie 
trip gear of the other cylinders is ordinarily set to a fixed 
cut-off, but is variable by hand adjustment. The cylinders 
are steam jacketed — the high and intermediate with boiler 
steam, and the low-pressure with steam of 50-lb. pres- 
sure per square inch. There are jacketed receivers 
between the intermediate- and low-pressure cylinders, 
the former having a capacity of 16*3 cubic ft., the latter 
20 cubic ft. 

Each engine has three single-acting ram pumps, with 
numerous valves of small diameter fitted with rubber 
faces. The pump discharge is therefore very uniform. 

The contract conditions specified that the engine under full head 
shoold pomp one and one-third million gallons in 12 hoars, with a 
steam consmnption not exceeding 16 lb. per pump horse power 
per hour. 

53 



ly Google 



PROGRESS IN PUMPS AND ENGINES 

The engine is working against an actual head of 286-9 ^^ 

Professor W. Cawtfaome Unwin, F.R,S., on Novembw 11, 1899, 
tested this engine, the trial lasting 24 hoars, which gave the actual 
duty of 125,350,000 foot-lb. per Z12 lb. of coal. 

In this trial the efficiency of the boiler was not good, and the 
doty, which depends on the performance of the boiler and engine; 
was not so good as it wonld have been if steam had been supplied 
by a more efficient boUer. With a good boiler, hand-fired with 
Welsh coal, the evaporation might well have been 9-5 lb. per pound of 
coal. Then the coal consumption wonld have been 240-8 lb. per 
hour. In that case the duty would have been 154,350,000 foot-lb. 
per 112 lb. of coaL 

In America it is common to reckon fhe duty of pumping engines 
as the effective work per 1,000 lb. of steam supphed to the engine. 
Taking this measure, the duty of the engine is 151,670,000 foot-lb. 
This is almost as high a duty as has been recorded. It involves no 
assumption as to the performance of the boiler. 

There are two boilers of the Lancashire type, 28 ft. in length by 
7 ft. 6 in. in diameter, each having two flues 3 ft. in diameter, taper 
to 2 ft. 6 in. at the back end, with four cross-tubes in the flues. Each 
boUer is fitted with Beimis' sprinkling stoker. The grate area is 
36 square feet and the heating surface is 850 square feet. A Green's 
economiser is arranged in connection with the boUers, consisting of 
128 tubes, havir^ a heating surface of 1,280 square ft. 

We will now notice a new style of deep-well pump, 
invented by Mr. Herbert Ashley, engineer at the 
Waterworks, manufactured by Messrs. Glenfield and 
Kennedy, Ltd., Kilmarnock, Scotland, and illustrated 
in Fig. 71. It is suitable for wells, bore-holes and mines. 
The pmnp illustrated has a bucket 20^ in. in diameter, 
by a stroke of 3 ft. 6 in., and was made for the East 
London Waterworks, of London, to the order of William 
B.Bryan, Esq., M.Inst.CE., chief engineer. Four of these 
pumps stand upon the bottom of a well 200 ft. deep, and 
lift their water to the surface of the ground only, while 
two stand in another well of similar depth, and are fitted 
with plungers to lift their water to a height of 80 ft. above 
the surface of the ground, a total lift of 280 ft. 
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A perfectly plain working-barrel stands on the bottom 
of the sump a few feet below the level of the floor of the 
collecting adit. In this particular example it is built up 
in three pieces, bored inside, in which the upper turned 
end of the bucket reciprocates ; the middle piece, also 
turned internally, within which the lower turned end of 
bucket reciprocates ; and the lower piece, which closes 
the end of the working-barrel and also forms the necessaiy 
base piece for the pump columns to stand on. The middle 
piece is furnished with the suction openings — perfectly 
free and open and uncontrolled by valves of any kind. 
These openings are so placed that the turned ends of the 
bucket never obscure them. These three pieces are flanged 
and bolted together, and so placed in the well that the top 
of the suction openings are sufficiently below the lowest 
level to which the water is ever pmnped, so as to prevent 
air being sucked in. Tlie construction of the working- 
barrel is very simple. There is no clack-box or snore- 
piece, and everything is so compact that it is found 
possible to place these pumps with centres only three feet 
apart. 

The bucket may be described as a hollow cylinder, 
somewhat greater in total length than the stroke of the 
pump. The two ends of the bucket are accurately turned 
to fit the two bored portions of the working-barrel, the 
upper end reciprocating in its upper bored portion above 
the suction openings and the lower end in its lower bored 
portion below the suction openings. Between the two 
turned portions the bucket is reduced in diameter, forming 
waist, which is made hexagonal or square in section for 
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convenience. The upper end of the bucket is precisely 
similar to an ordinary bucket, and carries the delivery 
valve of any desired pattern. The lower end is quite 
free and open. In the waist of the bucket are secured 
circular valve-seats containing the suction valves, opening 
inward, of which any desired number may be put in. 
Both the working-barrel and the bucket are in all cases 
placed in the same relative position to the other parts of 
the machinery as the working-barrel and bucket of an 
ordinary bucket pump. 

The action of the pump is simple. On the up-stroke 
the delivery valve is closed and water is hfted. At the 
same time the suction valves open and the water pours 
into the interior of the bucket and lower part of the working- 
barrel. Upon the down-stroke the deUvery valve opens 
and the suction valves close, and the bucket sinks to the 
bottom, ready to commence another up-stroke, and so on. 

In Fig. 72 is illustrated a set of three-throw plxmger 
piunps for raising 30 Utres per second (396 gallons per 
minute) to a height of 60 metres (igS-S ft.) high, with 6 
metres (19*68 ft.) of suction. The plungers are 10 in. in 
diameter, having a stroke of 18 in. The set is driven by 
means of spur-wheel and pinion from one of Messrs. 
Robey, Ltd., Lincoln, England, undert}^ jet-condensing 
engines and feed-water heater. The steam boiler is of 
the ordinary locomotive type. Tlie air pimip is driven 
by the tail rod of one of the steam cylinders. 

The pumps were manufactured by Messrs. Ha5rward- 
Tyler and Co. 

The same firm has also supphed similar sets having 
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plungers 13 in. in [diameter by 18 [in. length of stroke, 
to raise 790 gallons of water per minute to^a height 'of 
202 ft. 

Warrington Waterworks, Delph Lane pumping station 
engines are illustrated in Fig. 73. This plant, manu- 
factured by Messrs. James Simpson & Co., Ltd., of London, 
consists of a rotative triple^expansion surface-condensing 
receiver engine with deep-well and surface pumps. The 
engine is capable of pumping 3,000,000 gallons of water 
in 24 hours, against a total head, including friction, of 
236 ft. 

The high-pressure cyUnder is 13 in. in diameter, the intermediate 
22} in. in diameter, and the low-pressure 35 in. in diameter, the 
well backet pomps 18 in. in diameter, and the sniface plungos 
17} in. in diameter, all having a stroke of 42 in. 

The three cylinders are placed vertically, the high and intermediate 
being jacketed with boiler steam and the low-pressure with steam 
at 80 lb. per sqnare inch through a reducing valve, the working 
boiler pressure being 160 lb. per square inch. 

Two equihbrium receivers, fitted with tabes under boiler [nessure 
to act as reheaters, are placed between the cylinders, the circulation 
in these and in the jackets being in a closed circuit. 

All the cylinders are fitted with cut-ofi gear, that in the high- 
pressure being under the control of a speed governor, so arranged 
that if the speed of the engine varies abnormally the valves are 
thrown out of action and left covering the steam inlet ports, while 
at the same time a valve on the condenser is opened, destrojring the 



The cut-ofEs on the low- and intermediate-fvessore c^inders are 
adjustable by hand while the engine is ranning. Each individaal 
valve is driven direct from central wrist [^tes by rocking levers, 
which are actuated by eccentrics on a coanter-shaft running at the 
same speed as the crank-shaft and driven off it by mitre gear. 

Both the high-lift and well pumps are driven through doable 
bell-cranks and coupled together, the whole being carefully balanced. 

The well pumps consist of two single-acting bucket pumps work- 
ing oiqx)site. The working-barrels are hung from the pomp-head 
and form part of the line of rising main, so that the suction valves 
can be readily drawn up for examination or repair. At the pump- 
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beads the lising mains dischai^e into one delivery main, y/inch. is 
carried into a tank on the surface. 

The high-lift pumps are two vertical externally packed {hunger 
pumps, double-acting on both suction and deUvery. They draw 
their water from the tank into which the well pumps dehver, and dis- 
charge through the surface condenser direct into the delivery 



A horizontal high-pressure, jet-condensing fiy-wbeel 
pumping engine, constructed for the Hitchen Urban 
District Council by Messrs. Hajrward-Tyler and Co., is 
illustrated inFig. 74. Thecylindersareiziin.in diameter, 
by 24-in. stroke, and the double-acting piston pump is 
loj in. in diameter by 12-in. stroke. The capacity of the 
engine is 25,000 gallons per hour, against a total head of 
150 ft., at an engine^peed of 200 ft. per minute and pump- 
speed of 130 ft. per minute. An air-vessel is placed both 
on the suction and dehvery pipe. The air pump is of the 
double-acting piston type, worked by the tail rod of one 
of the steam cylinders. The valve boxes are bolted on 
to the pump cylinder, so that in case of an accident only 
a part of the pump has to be renewed. 

The Trent Valley Pumping Station, belongii^ to the 
South Staffordshire Waterworks, is shown in side eleva- 
tion, F^. 75. It was built, under the superintendence 
of the Company's engineer, Mr. Ashton Hill, and assistant, 
Mr. A. E. Douglass, by Messrs. Hathom, Davey and Co., 
Ltd. 

The engine is of the horizontal triple-expansion type, 
having hi^-pressure cylinder 20 in. in diameter, inter- 
mediate-pressure cylinder 30 in. in diameter, and low- 
pressure cylinder 44 in. in diameter, all with a stroke of 
5 ft. These cylinders are arranged tandem fashion, and 
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actuate a pair of bore-hole pumps, each 15^ in. in diameter, 
and a force pump t5|^ in. in diameter, all having a stroke 
the same as the engine. The bore-hole pumps are placed 
at a d^th of 300 feet from the surface, but the yield of 
the bore-holes has proved so plentiful that the water level 
is only 67 feet from the surface. The engine was built for 
a head of 160 ft. on the force pump, but owing to exigencies 
of the water company, has for some time been delivering 
against a head of 325 ft., or more than twice that for which 
it was designed. 

Tbe engine ts fitted with Hr. Davey's differential gear. This gear 
operates the steam valves of the engine, and is diiven by water 
taken from the rising main, so that in case of a boist pipe the 
gear is thrown out of action and the steam valves closed. As an 
additional precaution, a throttle valve is placed on the steam pipe 
which, usually full open, is arranged to close antomaticaUy, either 
in the event of an excessive or too low pressure in the delivery 
mains. The engine is also fitted with a pausing gear, so that 
the speed can be at any moment r^ulated from two to fourteen 
strokes per minute to suit the demand of water for the time being. 
The buckets and clacks are of the double-beat type. The bucket 
seatings c(»isist of a gutta-percha ring of rectangular section, and 
it is found that both buckets and clacks run night and day for about 
twelve months without alteration. 

The force pump, which is of the double-acting piston type, is 
fitted with valves of the same class as those of the bucket pumps, 
and with engines of this type, having a distinct pause between 
each stroke, these valves are found to work well. 

The horizontal motion of the engine into a vertical motion of the 
pump buckets is obtained through I>avey*s high-duty attachment. 
i^iich consists of a pair of angle quadrants, having the pins to 
vrtiich the engine and pump connecting-rods are attached so placed 
relatively to each other that in each stroke the engine pistons obtain 
a mechanical advantage over the pump bucket as the stroke is 
made, thus permitting a high d^ree of expansion without the intro- 
duction of special appliances or heavy moving parts. 

This engine was tested by Ur. Douglass, the result being a duty 
of 122,900,000 per 1,120 lb. of steam used. 

One of two sets of pumpii^ machinery constructed 
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by Messrs, Hayward Tyler and Co.,totheorderof the War 
Office for the water supply of hutments in Pretoria, is 
illustrated in Fig. 76. This plant consists of a set of 
treble-barrel force pumps having plungers 10 in. in diameter 
by i8-in. stroke. Each set is capable of raising 20,000 
gallons of water per hour against a head of 450 ft. They 
are driven by horizontal coupled compoimd surface-con- 
densing engines, having high-pressure cylinders 14J in. 
in diameter, and low-pressmre cylinders 24} in. in diameter, 
both having a stroke of 32 in., running at a speed of zy^ 
revolutions per minute, with a boiler pressure of 125 lb. 
per square inch. The engines are fitted with Meyer's 
variable cut-ofi expansion gear, and have fly-wheels 10 
ft. 6 in. in diameter by i8-in. face. The surface-condenser 
is coimected with the suction pipe of the pumps, with a 
by-pass and injection valve. The air pump is of the 
bucket-and-plimger t5'pe, worked by levers from the 
cross-head, as also the feed-pump. 

A vertical steam engine working a double-cylinder 
rotary pump, termed a " Drum " pump, is illustrated in 
Fig. 78 and a cross-section of the pump, Fig. 77. It con- 
sists of a revolving piston A, moving round ^the drum 
C, a vacuum forming,' into ;which the water flows from 
behind, and is forced by the front fa.ce of the piston. The 
piston A and the drum C are geared together, and the 
pump can be driven either way. This is a very great 
advantage when thick liquids or semi-liquids are[dealt with, 
as the suction pipe can, by reversing the action, be made 
into delivery and emptied of the liquid. E is the suction 
and F the delivery branches, or vice versa, according to 
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the way the pump is running. / is the bed-plate, on to 
which the engine and pump are secured. 

This pump is very useful for boiler feeding or for forcing 
water against moderate pressures. The delivery is con- 
tinuous and steady. 

The engine is designed for quick and continuous run- 
ning, and is fitted with " Pickering's " patent governor, self- 
acting lubrication, and a [massive fly-wheel. This pump 
is manufactured by the Drum Engineering Co., Bradford, 
England. 

The Leicester Corporation Waterworks pumping 
engine at Switfaland Reservoir Pumping Station, is illus- 
trated in Fig. 79. This engine is of the vertical triple- 
expansion type, built and erected by Messrs. Combe 
Barbour, branch of Fairbaim, Lawson, Combe, Barbour, 
Ltd., Belfast, Ireland. It has a high-pressure cylinder 
17 in. in diameter, intermediate cylinder 27 in. in 
diameter, and a low-pressure cylinder 44 in. in diameter, 
all having a stroke of 3 ft. The cylinders are steam 
jacketed, and the engine is fitted with Corlis valves placed 
in the cylinder heads. The normal speed of the engine 
is 25 revolutions per minute. Each cylinder works a 
plunger-pump direct, the plungers being 12^ in. in diameter, 
and a stroke of 3 ft. The suction pipe is 21 in. in diameter, 
and the deUvery pipe or rising main 20 in. in diameter by 
5,700 ft. long, and the total head to which the water has 
to be raised from the suction level in the source to the end 
of the rising main is 487 ft. The surface condenser ha/s a 
cooling area of 300 ft. The steam pressure is 120 lb. per 
square inch. 
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The pumps deliver z,ooo,ooo gallons of water per 24 
hours, and from a test by the corporation's engineer, during 
a trial of 12 hours' duration on November 27, 1903, it 
was found that the engine developed a mean of 135 
indicated horse-power. The horse-power of water lifted 
was II5-79, giving a mechanical efficiency of 8577 per cent. 
Total water pumped was 900,228 gallons, and the steam 
used per indicated horse-power per hour was 12*65 ^b., 
the steam pressure being 121 lb. per square inch. 

The pumping engine for the Nottingham Corporation for 
the Boughton Pumping Station is shown in Fig. 80, and 
the pumps underneath the engine-house floor are illus- 
trated in Fig. 81. It was built by the same firm as the 
last example. 

The engines are of the vertical triple-expansion type, 
fitted with slide valve gear. The high-pressure cylinder 
is 15 in. in diameter, the intermediate 24 in. in diameter 
and the low-pressure cylinder 39 in. in diameter, all having 
a stroke of 3 ft. 

The main pumps are three in number, have plungers 
12^ in. in diameter by 3 ft. length of stroke, running at 
30 revolutions per minute, with a steam pressure of 140 lb. 
per square inch, when they deliver 2,000,000 gallons per 
24 hours. 

The air pump is 18^ in. in diameter by i6-in. stroke. 
The surface condenser has 512 tubes, giving a total cooling 
surface of 700 square feet. At the of&dal test of this 
engine the efficiency, i.e. the pump horse-power divided 
by the indicated horse-power, worked out to 92 per 
cent., and the condensed steam passing through the engine 
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amounted to 13*6 lb. per indicated horse-power per honr. 

The whole of the «igine and pumps wdghed log tons 
10 cwt. 

William B. Bryan, Esq., the chief engineer to the East 
London Waterworks Company was the consulting engineer. 

Another engine erected by the same firm for the Gains- 
boroi^h Urban District Council is illustrated in Fig. 82. 
Percy Griffith, Esq., was theengineer. Xtis of the vertical 
compound type, having a high-pressure cylinder 20 in. 
in diameter, and a low-pressure cylinder 40} in. in diameter, 
both having a stroke 3 ft. in length. The steam is distri- 
buted by means of Corlis valves, placed in the cylinder 



This engine works the surface pomps placed immediately 
below the engine, delivering 60,000 gallons of water per 
hour, to a reservoir 150 ft. higher. These pumps are 14 
in. in diameter, by 3-ft. stroke, running normally at 15 
revolutions per minute. 

The two deep-well pumps are of the " Ashley concer- 
tina " type. This type was adopted, because it was 
required to obtain the greatest possible quantity of water 
from the bore-hole. For this reason a double-acting 
pimip, i.e. the pump that can deliver the full capacity 
of the barrel in both up- and down-stroke was selected. 
One of the best tj^pes of bore-hole pumps capable of doing 
this is known as the " concertina " or " bellows " tjrpe. 
In these pumps there are two buckets working in one 
barrel, each operated by separate rods and working in 
opposite directions, so that when one is going up the other 
is ^ing down, and vice versa, and are thus double-acting 
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and balanced. The great objection to this type of pump 
as hitherto made is that, as the buckets move away from 
each other, and the space between them is being filled with 
suction water, the area through the valve on the bottom 
bucket is not sufficient to allow the pump being worked 
much more than the speed of an ordinary ^ngle-bucket 
pump of the same diameter and stroke. Assuming that 
in an ordinary pump of this " concertina " type the suction 
valve is, say, 50 per cent, of the barrel, and the mean 
bucket speed 120 ft. per minute, then the water must 
flow through the valve at a mean velocity of 480 ft. per 
minute, which is, of coiu:se, excessive, the result being 
that pimips of this type constructed in the ordinary way 
must be made to run one half the speed of an ordinary 
one, and Mill then only discharge very Uttle, if any, 
more than the single-bucket pump. 

By adopting the " Ashley concertina " pump, as illus- 
trated in sectional elevation. Fig. 83, an unlimited num- 
ber of suction valves can be put in and the water passages 
all made of large area, so that a double-bucket pump of 
this class can be run at nearly the same speed as a single- 
bucket pump of the same diameter and stroke, and dis- 
charge nearly twice as much water, having a continuous 
flow, and be perfectly balanced at all water levels. 

The bottom bucket rod is soUd and worked by the 
L-bob shown on the left hand side in Fig. 82, and the top 
bucket rod is hollow, worked outside the soUd rod, and 
is actuated by the right hand side L-bob. 

These pumps are placed in the bore-holes, 300 ft. below 
the engine house floor, lifting up the 60,000 gallons per 
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hour. The buckets are 19 in. in diameter by 3-ft. stroke, 
making 15 revolutions or 30 double strokes per minute 
worked by a counter shaft and Z.-bobs. This shaft is 
driven by a helical pinion 5 ft. in diameter keyed on to the 
engine crank shaft, gearing into a helical wheel 10 ft. in 
diameter, both having a pitch of 3i in. 

The suction pipe for the force pumps is 15 in. in dia- 
meter and the delivery pipe 14 in. in diameter. 

The surface condenser has 300 ft. of cooling surface. 

The pumping engine illustrated in Fig. 84 was manu- 
factured and erected by Messrs. Combe Barbour, for the 
East London Waterworks Company, under the super- 
vision of William B. Bryan, Esq., Engineer in Chief. It 
is of the vertical triple-expansion surface-condensing type, 
having X2^in. high-pressure cylinder, 20^in. intermediate 
and 33-in. low-pressure cylinder, all having a stroke of 
2 ft. 6 in. The cylinders are provided with Corlis valves 
fittdd in the cylinder heads. The normal speed of the 
engine is 56 revolutions per minute, with a steam pressure 
of 150 lb. per sqxiare inch. This is equal to about 171 
indicated horse-power. 

The engines and pumps are capable of discharging 2^ 
million gallons of water per 24 hours into a main 42 in. 
in diameter, and against a total head from bottom of well 
of 300 ft. 

This engine is actuating two sets of " Ashley " patent 
bucket piunps through spur gearing and rocking levers. 
The buckets are 20^ in. in diameter by 3 ft. 6 in. stroke ; 
these piunps lifting the water from a well 200 ft. deep, and 
delivering it against a pressure of 100 ft. into the 42-in. 
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main, all the water passing through the surface condenser. 
The pump shaft runs at a speed of i6*i revolutions per 
minute. Four of " Ashley " pumps stand upon the bottom 
of the wdl, and hft their water to the surface of the ground 
only, while the other two stand in another well similar in 
depth, and are fitted with plimgers to lift the water to a 
height of 80 ft. above the surface of the ground, a total 
lift of 280 ft. 



Pulsating Steam Pumps 

The Pulsometer, manufactured by the Pulsometer 
Engineering Co., Ltd., Reading, England, is illustrated in 
sectional elevation. Fig. 83. This appliance for raising 
water consists of a single castii^, which k composed 
of two chambers, A A, joined side by side with tapering 
necks bent tovrards each other, and surmounted by another 
casting, called the neck, /, fitted and bolted to it, in which 
the two passages terminate in a common steam chamber, 
wherein the ball-wilve / is fitted so as to be capable of 
oscillation between seats formed in the junction. Down- 
wards, the chambers A A are connected with the suction 
passage C, wherein the suction-valves E E are arranged. 
A delivery box, common to both chambers and leading 
to the delivery pipe, is provided, in which are fitted the 
delivery-valves F F. The air-vessel B communicates 
with the suction. In this example, india-rubber disc- 
valves are shown. GG are guards which regulate the 
amount of opening of the valves E E. Small air-valves 
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are screwed into the cylinders and air-vessel for admission 
of air. 

The pump being filled with water, either by pouiing 
water through the plug-holes in the chamber, or by drawing 
the charge, the steam is admitted through the steam pipe 
K — by opening to a small extent the stop-valve — 
passes down that side of the neck which is left open to it t^ 
the position of the steam ball /, and passes upon the small 
surface of water in the chamber which is exposed to it, 
depressing it without any agitation, and consequently with 
but very sHght condensation^ and driving it through the 
discharge opening and valve into the rising-main. The 
moment that the level of the water is as low as the horizon- 
tal orifice which leads to the discharge, the steam blows 
through with a certain amount of violence, and being 
brought into intimate contact with the water in the pipe 
leading to the dehvery valve-box, an instantaneous con- 
densation takes place, and a vacuum is in consequence 
so rapidly formed in the just emptied chamber, that the 
steam ball is pulled over into the seat opposite to that 
which it had occupied during the emptying of the chamber, 
closing its upper orifice and preventing the further ad- 
mission of steam, allowing the vacuum to be completed ; 
water rushes in immediately through the suction pipe, 
lifting the suction-valve E, and rapidly fills the chamber 
A again. Matters are now in exactly the same state in the 
second chamber A. The air-cocks are introduced to 
prevent the too rapid filling of the chamber on low lifts 
and for other purposes, and a very Uttle practice will 
enable any unskilled workman or boy so to set them 
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by the small nut, that the best effect may be produced. 

A pulsometer with a vertical boiler mounted on a pair 
of wheels is illustrated in Fig. 86. This arrangement is 
very useful where the pimiping machinery is wanted for 
temporary purposes only, as it is readily moved from 
place to place. It is also suitable as a fire engine for 
moderately high buildings. They are sometimes moimted 
on four wheels when desired. 

There are an endless variety of purposes for which the 
pulsometer can be applied. One arrangement of one at 
a tin mine is shown in Fig. 87. The capacity of this pul- 
someter was 28,000 gallons of water per hour. The lift 
on which these pumps work varies, of course, but the 
usual height is 60 to 70 ft. In this example the pump 
was placed at the surface, but they are frequently placed 
down in the workings. 

Another de^gn of pulsating steam pump, invented and 
patented by Mr. John B. Foxwell, is manufactured by the 
Waterspout Engineering Co., Manchester, England. This 
is illustrated by the reproduction from a photograph. 
Fig. 88, and enlarged sectional elevation of valve and 
valve-chest. Fig. 89, and enlarged end view of valve-chest. 
Fig. 90. The valve A is self-adjusting to its seat. It is of 
annular shape, with two faces parallel to each other. It 
is loosely supported on an oscillating saddle B, which 
fits into the groove C, formed between the two faces of 
the valve, and is embraced by the projecting arms D and 
D, to prevent it rolling or moving away, and missing its 
face. By this arrangement a double or duplex movement 
of the valve is obtained, thus enabling it to oscillate be- 
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ROPE AND BELT DRIVEN PUMPS 

tween the two valve seatings, so as to close the whole area 
of the steam-port at the same time, or immediately adjust 
itself to the seating ; also a more regular and even wear 
over the surface of the valve facings, and the adjustment 
or alteration of the position thereof to compensate for 
wear. The other part is almost identical with that of the 
" Pulsometer," so that it would only be waste of time 
and space to give a description. 



Rope and Belt Driven Pumps 

Fig. 91 shows a set of high-lift pumps designed for lifts 
between 200 and 600 ft. head driven with rope gear. It 
is manufactured by Messrs. E. Scott and Mountain, Ltd. 
To reduce the length of the bed-plate the driving shaft 
is placed above the connecting-rods between the pump 
crankshaft and the pumps. The crank-shaft is dtted 
with a spur-wheel on each end, gearing into the pinions on 
the driving shaft, to prevent torsional strain as much as 
possible on the crank-shaft. The pmnp design is good, 
in fact it would be difficult to make any improvement 
upon it. 

A belt-driven pump of a novel design, with an arrange- 
ment by means of which the length of the stroke of the 
pump can be altered whilst the pumps are running, is 
made by Messrs. Ha3rward-Tyler and Co. of London. It 
has pump barrels 2^ in. in diameter by 6 in. stroke, 
and is capable of delivering 500 gallons per hour against 
a boiler presstue of 80 lb. per square inch. The crank 
connecting-rods are permanently secured to a rock arm 
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provided with a slide in which the pump connecting-rod 
cross-heads can be moved, by that means altering the 
stroke of the pump pistons or plungers, as the case may 
be. This pump is also made to be electrically driven. 

The " Haste " inertia pump is shown in sectional eleva- 
tion. Fig. 92. This pump consists of a hollow plunger, 
working through two glands and stuffing-boxes, one of 
which is formed in the suction-pipe, and one in the delivery- 
pipe or rising-main. At the centre of the length of the 
plunger is fitted a valve, made of " Dermatine " in such 
a manner that the beating surface is guided on a spindle 
secured to a cross-piece in the sides of the plunger, the 
ribs being tapered top and bottom so as to minimis e the 
friction of the water Sowing through. 

The plunger being reciprocating at a high speed, by 
any motor, the valve is closed on the up-stroke, and imparts 
so h^h velocity to the water in the deUvery-pipe that the 
inertia of this water maintains a continuous discharge 
throt^h the down-stroke of the plunger, so that in practice 
the flow of water is continuous, hence no pressure air-vessd 
is required. This pump has a discharge varying from 
416 to 123 per cent., according to the head against which 
the pump is vrarking, the area for the passage of the 
liquid being the same as in the bore of the plunger. 

A general view of a belt-driven " Haste " inertia pump 
is illustrated in Fig. 93. 

These pumps are manufactured by the Haste Pump 
Company, London, England. 
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English De Laval Patent Centrifugal Pximps. 

The Ei^lish De Laval Patent Centrifugal Pumps iUu&- 
trated in Figs. 94 to 97 are specially designed for woridng 
in combination with h^h-speed steam turbines and electric 
motors, but they are also designed for lower speeds, suit- 
able for belt drive or for working in combination with 
slow-speed engines or motors. 

These pumps are made in standard sizes to work against 
heads of from 20 feet up to 300 feet, but special pumps for 
practically any head up to 1,000 feet are also constructed. 

The special characteristic of the De Laval Centrifugal 
Pumps, viz., their h^h speed, which is greatly in excess of 
anjrthing previously known in connection with centrifugal 
pumps, is a mechanical problem which has been solved 
partly by an improvement in the construction of the 
wheel and packing boxes of the pump, including their 
lubricating arrangements, and partly by pajong the greatest 
attention to the execution of all the movable parts. The 
high rate of speed has made it possible to reduce the dia- 
meter of the pump wheel, and consequaitly the frictional 
reastance of the pump has been greatly lowered. 

It is claimed by the makers that this circumstance has 
made it posable to obtain with the De Laval Pumps an 
effid^icy considerably in excess of the results generally 
obtained with centrifugal pumps. 
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Owing to the high speed, the dimensions and weight of 
the De Laval pumps are small when compared with their 
capacity. 

A special feature of the De Laval Pumps is their oiling 
arrangement. All bearings are self-oiling and entirely 
separated from the packings, thus making it impossible for 
any cnl to get into the water dealt with by the pumps. 

All parts are made interchangeable, and to gauge^ 
and therefore repairs can be very quickly made. Those 
parts where a close running fit is required are provided 
with interchangeable rings of bronze, which can be easily 
replaced in case they are worn. 

The pump cases are divided horizontally, making it 
possible to inspect the interior of the pump and make 
repairs without disturbing the suction and discharge pipes. 
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Bibliography of Books on Pumps and 

Pumping Engines Published 

in Great Britain 

" Centrifagat Pomps. Turbines, and Water Motors," by Charles H. Innes. 

(Technical Publishing Company, Manchester.) 
" Construction of Pump Details," by Philip R. Bj&:ling. (E. ft F. N. 

Spon, London.) 
" Hy<^aulic Motors and Turbines," by G. R. Bodmer. (Whittaker & 

Co., London.) 
" Hydraulic Power and Hydraulic Machinery," by Henry Robinson. 

(Charles Griffin & Co., London.) 
" Hydraulic Rams, their Construction and Management," by J. Wright 

Clarke. (B. T. Batsford, London.) 
" Manual of Civil Engineering," by W. J. Hacquorn Rankin. (Charles 

Griffin & Co., London.) 
" Mine Drainage," by Stephen MicbeD. (Crossby, Lockwood & Son, 

London.) 
" Principles, Construction and Application of Pumping Machinery," by 

Henry Davey. (Charles Griffin & Co., London.) 
" Pumps and Pump Motors," by Philip R. BjBcling. (E. ft F. N. Spon, 

London.) 
" Pumps and Pumping," by M. Powis Bale. (Crossly, Lockwood ft 

Son, London.) 
" Pumps and Pumping Machinery," by F. Colyer. (E. ft F. N. Spon, 

London.) 
" Pump Fitter's Guide for Calculating and Fixing Pmnps," by J. 

Eldridge. (E. ft F. N. Spm, London.) 
" Pumps : their Construction and Management," by PhiUp R. BjJkling. 

(P. S. King ft Son, London.) 
" Pomps : their Principles and Construction." by Wright Clarke. (B. 

T. Batsford, London.) 
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Directory of Manufecturers of Pumps and 
Pumping Engines in Great Britain 

Abbot, John, & Co. ... . Park Works, Gateshead-on-Tyne. 

Adamson, Daniel, & Co . . Dukinfield, Hanchester. 

Allen, W. H., Son ft Co. . . . Queen's Engineering Works, Bed- 
ford. 

Bailey, W. H., ft Co., Ltd. . . Albion Works, Salfwd, Uancbestei. 

Baker Mower Engineering Ca . Stanley Works, Sheffield. 

Bamford, C F. Goldington Avenae, Bedford. 

Barclay, Sons & Co., Andrew . . Caledtnua Works, Kilmarnock, N.B. 

Batchelor, R. D. 73, Queen Victoria Street, London, 

E.a 

Beaumont's Pomp Works . . Stockport, Lanes. 

Bellis&Horcom, Ltd. .... Birmingham. 

Berry, Henry, ft Co. . . . . Croydon Works, Honslet, Leeds, 
Yotks. 

Sever, Dorling ft Ca, Ltd. . . Bowling Iron Works, Bradford, 
Yorks. 

Boby, Kobert Bury St Edmimds. 

Bracket, F. W., ft Co Hytlie Bridge Works, Colchester. 

Braithwaite. H., ft Co. . . . Swinegate, Leeds, Yorks. 

Braithwaite, Isaac, ft S<m Kendal. 

Brazil, Holborow ft Strakn, Ltd. . Vulcan Ironworks, Bristol. 

Brotherhood, Peter .... Belevdere Road, Westminster, Lon- 
don. S.W. 

Buxton ft Thiuidey .... Burttm-on-Tfent. 

Cadle, C Wellington Quay, Dublin. 

Cameron, John Oldfield Road Ironworks, Salford. 

Campbell ft Calderwood . . . Solio Engine Works, Paisley, N.B. 

Campbell Gas Engine Co., Ltd. . Halifax, Yorks. 

Capell, R. L. Northampton. 

Camithers, J. H. ft Co. . Polmadie Ironworks, Hamilton 

Street, Polmadie, Glasgow, N.B. 

Chaplin, Mex., ft Co Gowan, Glasgow, N.B. 

Cherry, John, & Sons .... Pump Works, Beverley, Yorks. 

Clarke, Chapman ft Co., Ltd. . . Victoria Works, Gateshead-oa-Tyne. 

Clay Cross Co Clay Cross, near Chesterfield. 
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Qayton & Shuttleworth . . . Lincoln. 

Coalbrookdale Ca, Ltd. . Coalbrookdaie, Shropshire. 

Cochrane, John Barrhead, N.6. 

Coles, H. J London Crane Works, Derby. 

Combe, Barber, Ltd. .... Belfast. 
Codett Electrical Engineering Co., 

Ltd. Wigan, Lanes. 

O^, A. F., & Co., Ltd. . . Caledonia Engine Works, Paisley, 

N.B. 
Croasley Brothers, Ltd. . . . Openshaw, Manchester. 
Crosaley, Geo., Ltd. . . Albion Ironworks, Cleckheaton, 

Yorks. 

Crow, Harvey & Co Park Ironwrnks, Glasgow, N.B. 

Dagl^ Robert, & Co., Ltd. . . St Helens, Lanes. 

Davey, Paxman & Co., Ltd. . . Standard Ironworks, Colchester. 

Dempster, Hoore & Co. . . Robertson Street, Glasgow, N.B. 

Denison, Thos., & Co West Street, Leeds, Yorks. 

Douglas & Grant Kircaldy, N.B. 

Drum Engineering Co Bradford, Yorks. 

Doke & Ockenden Littlehampton, Sussex. 

Drysdale & Co. Bon Accord Engine Works, Glas- 
gow, N.B. 
East Ferry Road Engineering 

Works Co., Ltd. Millwall, London, E. 

Easton & Co., Ltd Broad Sanctuary Chambers, West- 
minster, London, S,W. 

Crown Court, Old Broad Street, 
London, E.C. 

New Broad Street, London, E.C. 

Irlam, Manchester. 

Colwell Works, Wolverhampton. 

Gloucester. 

Paisley, N.B. 

Erith and Lcmdon Wall Baildings, 
London, E.C 

Vulcan Road, Leicester. 

Kilmarnock, N.B. 

Nottingham. 

Albion Works, Leeds, Yorks. 

Central Works, Oldham, Lanes. 

8i, Cannon Street, London, E.C. 

London Road, Peterborough. 

Volt Works, Leeds, Yorks. 



Edwards Air Pump Syndicate, 

Ltd. 

Electrical Construction Co. 
Ellison, W. T., & Co., Ltd. 
Evans, Joseph, & Sons . 
Fielding & Piatt, Ltd. . . 
Fleming & Ferguson, Ltd. 
Eraser & Chahners, Ltd. . 



Gimson & Co 

Glenfield & Kennedy. Ltd 
Goddard, Massey & Warner 
Greenwood & Batley, Ltd. 
Gnnther, W., & Sons . . 
Gwynnes, Ltd. .... 
HaU, J. P., & Sons, Ltd. 
Hartnell ^A^lsoQ, & Co., Ltd. . 
Haslam Foundry and Engineering 

Co., Ltd. Derby. 
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Haste Patent Pump Co. . . . Crown Court, Old Broad Street. 

London. 

Hatlunn, Davey & Co., Ltd. . . San Fooadry, Leeds, Yorks. 

Hayward-Tyler & Co., Ltd. . . 90, Whitecroas Street, London, E.C. 

Heenan & Frottde, Ltd. . . . Aston, Birmingham, and Manchester. 

Hindley, E. S Bourton, Dorset. 

Holden& Brook, Ltd. .... Gorton, Manchester. 

Htde & Roberts Warminster. Wilts. 

Homsby, Richard, & Sons, Ltd. . Grantham. 

Howes, S., & Co 64B, Mark Lane, London, E.C. 

Hughes & Lancaster .... 47, Victoria Street, Westminster. 

London, and Ruabon. 

Isca Foundry Co Newport, Mon. 

Isler. C, & Co Bear Lane, Southwark, London, S.E. 

Jackson, P. R., & Co., Ltd. . . Salford Rolling Mills, Manchester. 

Jessop & Appleby Brothers . Leicester and London. 

Joicey, J.&G., & Co Newcastle-on-Tyne, 

King, R. A., & Co St Enoch's Square, Glasgow. N.B. 

Kirkaldy, John, Ltd. .... Leadenhall Street, London, E.C. 

Lancaster & Tonge, Ltd. ■ . Pendleton, Manchester. 

Leadbeater&GiU Holbeck Lane, Leeds, YmIcs. 

Lee, Howl & Co., Ltd. . . . . Tipton, Staffs. 

Llewellyn & Culntt .... Rhondda Engine Works. Pentre, 

Gtam. 

Lill^MttiftH Co,^ Ltd. .... Priors Lee Hall, Shifnal, Shropshire. 

McBain, John Chimside. 

MacleUan, P. & W., Ltd. . . . Glasgow, N.B. 

Marshall, Sons & Co., Ltd. . . Gainsborough. 

Mather & Piatt, Ltd. .... Salford Ironworks, Manchester. 

Matthews, William, E., & Co. . . Hoston Lane, Manchester. 

Mayor ft Coulson, Ltd. Broad Street, Glasgow, N.B. 

llerryweather & Sons, Ltd. . . Long Acre, London, W.C. 

UidiSeton, Robert .... Sheepscar Foundry, Leeds, Yorks. 

Millar, J. S. ft Son Annan, N.B. 

Mills, Edwin, ft Son .... Asptey Ironworks, Huddersfield, 

Yorks. 

Biills, Geo., ft Co Radcliffe, near Manchester. 

Mirrless, Watson ft Co., Ltd. . . Scotland Street, Glasgow, N.B. 

Morland, Richard, & Sons, Ltd. . Old Street, London, E.C. 

Humford, A. G Culver Works, Colchester. 

Musgrave Brothers .... Crown Point Foundry, Leeds, Yorks. 

Neill, W., & Son St Helens Junction, Lanes. 

Newton, Fish ft Co Newton Heath, Manchester. 

Owen, S., & Co. Tooly Street, London, E.C. 

Parsons. C. A., & Co Heaton Works, Newcastle-on-Tyne. 
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Peam, Frank, & Co., Ltd.' . . . Gorton, Manchester. 

Fetter, J. B.. & Sons .... Y«ovil. Somerset 

Potter, A. C, ft Co Lant Street, B<vough, London, S.E. 

Prachitt Brotbera Carlisle. 

PulaometCT Engnieering Co., Ltd. . Reading, Berks. 

Ransomes ft Rapier, Ltd. . Waterside Works, Ipswich. 

Reader, £., ft Sons, Ltd. . Nottingham. 

Richards, R., ft Co. . . . . Uiq>er Gronnd Street, London, S.E. 

Rimington Brothers, .... Abbey Street, Carlisle. 

Roberts, E., ft H., Ltd. . . . Deansbanger Ironworks, Stony Strat- 
ford, Bucks. 

Roberts, J. ft S.. Ltd. .... West BromwidL 

Robey&Co.,Ltd. Globe Works, lina^. 

Roger, R., & Co., Ltd. . . . Stockton-on-Tees. 

Royce, Ltd. Uanchester. 

Rnston, Proctor, ft Co., Ltd. . . Lincoln. 

Samuelson ft Co., Ltd. . . Banbury, Oxon. 

Sandycroft Foundry Co., Ltd. . Chester, 

Saunderson, H. B., ft Co., Ltd. . Elstow Works, Bedford. 

Scott, Ernest, & Mountain, Ltd. . Close Works, Newcastle-on-Tyne. 

Shotc & Sons Albion Foundry, Etniha, Stoke-on- 

Trent 

Siebe, Gorman ft Co Westminster Bridge Road, London. 

S.E. 

Simons, W., ft Co.. Ltd. . . . Renfrew, N.B. 

Simpson, James, & Co., Ltd. . . London and Newark-on-Trent. 

Slee, John, & Co Earlstowa, Lanes. 

Smith. John, ft Co. .... Grove Wn-ks, Carsbalton, Suney. 

Spenser, W. H., ft Co. . . . . Hitchin, Herts. 

Stamiah, J Skin Maiicet Place, Bankside, Lon- 
don. S.E. 

Stewart, D., & Co. (1902), Ltd. . London Road Ironwn-ks, Glasgow, 
N.B. 

Sykes, Henry, Ltd Bankside, London, S£. 

Tangyes, Ltd. Cornwall Works, Birmingham. 

Thorn, John G Canal Works, Patricroft. Manchester. 

Thomas ft Son Broad Street Worcester. 

Thwaites Brothers, Ltd. . . . Bradford. Yorks. 

Tickle Brothers Vulcan Foondry, Wigan, Lanes. 

Titt John Wallis ..... Warminster, Wilts, 

Uskside Engineering and Rivet Newport, Mon. 
Co., Ltd. 

Valor & Co., Ltd. Birmingham. 

Vauxball Ironwcwks Co., Ltd. . Wandsworth, London. S.W. 

Vosper & Co., Ltd Pi^smouth. 
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Waller, George, & Son . . . Strond, Gloncester. 

Waterspoot Engmeering Co. . North Parade, Parsonage, Han- 

Chester. 
Watson, Henry, & Sons , , . High Bridge Works, Newcastle-on- 

Tyne, 

Wamer, R., & Co. Queen Victoria Street, London, E.C. 

Weir, G. & J., Ltd Cathcart, Glasgow, N.B. 

WiUaw, W. H. & Co. ... Soothwarit Street, Lcmdon, S.E. 

Williams, T. C, & Sons, Ltd. . Reading, Berks. 

Wood, John, & Sons, Ltd. . Brook Foondry & Engineering 

WotIcs, Wigan, Lanes. 
Wrekin Fonndry, Ltd. .... Wellington, Shropshire. 
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classified List of British Manu&cturers of 
Pumps and Pumping Engines 

Acid Pumps. 
Bailey, W. H., & Co Albion Works, Salford. Uancbea- 

ter. 
Evans, Joseph, & Sons . . . Wolveiiiampton. 
Hayward-Tyler & Co. .... 90, Whitecross Street, London, 

E.C. 

Air Pumps. 

Bailey, W. H., & Co. . . . . Albion Worics, Salford. Handles- 
ter, 

Coalbrookdale Ironworks . . . Coalbrookdale, Shropshire. 

Davey, Paxman & Co., Ltd. . . Colchester. 

Edwajrds' Air Pump Co., Ltd. . 3, Oown Court, DM Broad Street, 
Ltmdon, E.C. 

Evans, Joseph, & Sons . . Wdverhampton. 

Fairbaim, Lawson, Combe, Bar- 52, Lime Street, Londtm, E.C. 
ber, Ltd. 

Fraser & Chalmers, Ltd. • • . 3, London Wall Buildings, Lon- 
don, E.C. 

Galloways, Ltd Knott Hill. Hanchester. 

HathcHii, Davey & Co., Ltd. . . Sun Foundry, Leeds, Yorkshire. 

Haywaid-Tyler & Co. . . . .90, Whitecxtiss Street, London, 
E.C. 

Harshall, Sons & Co Gaiosboroogh. 

Peam, F., & Co., Ltd. .... West Gorton, Manchester. 

Roby & Co., Ltd Lincobi. 

Tangyes, Ltd Birmingham. 

AimoNiACAL Liguos Pumps. 
Evans, Joseph, & Sons. . . . Wolverhampton. 
Hajrward-Tyler & Co. . . .90^ Whitecross Street, London, 

E.C. 
Haslam Foundry and'Engineering Derby. 
Co., Ltd. 
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Aetesian Well Pumps. 

Bailey. W. H.. & Co., Ltd. . . Albion Works, Salford. Manches* 
ter. 

BatchelOT, R. D. 73, Qaeen Victoria Street, Lon- 
don, E.C. 

Beck & Co 130, Great Suffolk Street, South- 

wark, London, S.E. 

Duke & Ockenden Littlehampton and London. 

Evans, Joseph, & Sons . . . Wolverhampton. 

Hayward-Tyler & Co. . . . .90, Whitecross Street, London, 
E.C. 

Isler, C, & Co Bear Lane, Soathwark Street, 

X^ondon, S.E. 

Le Grand & Satdiffe .... 125, Bunhill Row, London, E.C. 

Matthews, Thomas Pendlebm, Manchester. 

Richards, R., & Co. . . . . Upper Gronnd Street, Blade- 
fiiais, Ltmdon, S.E. 

Stone & Co Deptford, London, S.E. 

ASBLEY Puup. 
Glenfield and Kennedy, Ltd. Kilmarnock, N.B. 

Belt Driven Pumps. 

Baiky, W. IL, & Co. . . . . Albion Worics, Salfoid, Manches- 
ter. 

Beny, H., & Co., Ltd. . . . Honslet, Leeds, Yorkshire. 

Brackett, F. W., & Co. . . . Hythe Bridge Works, Colchester. 

Duke & Ockenden, Littlehampton and London. 

Edwards' Air Pump Syndicate, 3, Crown Court, Old Broad Street, 

Ltd. London, E.C 

Evans, Joseph, & Sons . . Wolveiiiampton. 

Fielding & Piatt, Ltd. . . . Gkmoester. 

Fraser & Chalmers, Ltd. ... 3, London Wall Buildings, Lon- 
don, E.C. 

Haste Pump Co., Ltd 3, Crown Court, CSd Broad 

Street, London, E.C. 

Hathom, Davey & Co. . . . Sun Fonndiy, I.eed5, Yorkshire. 

Hayward-Tyler & Co 90, Whitecross Street, London, 

E.C. 

Leeds Engineering & Hydraulic Cross Stamf<Htl Street, Leeds, 
Co., Ltd. Yorkshire. 

Merryweather & Sons, Ltd. . . Greenwich Road, London, S.E. 

Musgrave Brothers Crown Point Foundry, Leeds, 

Yorkshire. 
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TRADE INQUIRY FORM.— TO BE TORN OUT. 

Name of Enquirer _ 

Address 

City County, 

Business _ _ , 

E-aWUhed ^^„___. {^PS^) _ 

To the Secretary, 

National Engineering and Trade Lectures, 

Orchard House, Westminster, London, 

England. 
Orto— 

(Mesisrs. 
__ _ _ 
England. 

Please hare sent to the above address, catalogues prices and other 
information concerning the machinery or goods enumerated below. 



^^ Merchanis in aU parts ef tht tutrld an invited te mail Jree use tf these farms 
token tkty desire infermathH i/iout onytiiHg mute in Great Britain, inquiribs 

r CHAXGl, AND SHOULn ALWAYS BE C 
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CLASSIFIED LIST OF MANUFACTURERS 

Peam, F., & Co., Ltd West Gortoa, Manchester. 

Rke & Co., Ltd Eiland Road, Leeds, York^iire. 

Scott, Ernest, & Hountain, Ltd. Close Works, Newcastle-on-Tyne. 

Tangyes, Ltd Birmingham. 

Tannett, Walker & Co., Ltd. . Hunslet, Leeds, Yorkshire. 

Thwaites Brothers, Ltd. . . Thornton Road, Bradford, York- 

shire. 

Warner, R., & Co. 97, Qneen Victoria Street, Lon- 

d<Hi, E.C 

BoiLES Feed Puufs. 

Bailey, W. H., & Co, Ltd. . . Albion Works, SaUwd. Manches- 
ter. 

Cameron, J., Ltd Oldfield Road, Salford. Manches- 
ter. 

CaiTuthers, J. H-, & Co. . . . Polmadie Works, Glasgow, N.B. 

Clarke, Chapman, & Co., Ltd. . Gateshead-on-Tyne. 

Coalbrookdale Ironworks . . . Coalbrookdale, Shropshire. 

Cochrane, John Barriiead, N.B. 

Dempster, Moore & Co., Ltd. . . 49,Robertson Street,Glasgow,N.B. 

Dram Engineering Co. ... 27, Charles Street, Bradford, 
Yoricshire. 

Evans, Joseph, & Stms . . . Wolverhampton. 

Hall, J. P., & Sons, Ltd. . . . Peterbraough. 

Haste Patent Pomp Co., Ltd. . 3, &own Court, Old Broad Street, 
Ltmdon, E.C. 

Hayward-Tykr & Co. . . . . 90, Whitecross Street, London, 
E.C. 

Hindley, E. S., & Sons . . Bourton, Dorsetshire. 

Mumftod, A. G Culver Street, Colchester. 

Owens, S., & Co. Whitefriars Street, London, E.C. 

Peam, E., & Co., Ltd West G<vt<Hi, Manchester. 

Shore, T, & Sons Etiuria, Stoke-on-Trent. 

Tangyes, Ltd Birmingham. 

Tinker Brothers Wigan, Lancashire. 

Vanxhall Ironworks Co, Ltd. . Wandsworth Road, London, S.W. 

Warner, R., & Co 97, Oneen Victoria Street, Lon- 
don, E.C. 

Weir, G. & J., Ltd Cathcart, Glasgow, N.B. 

Westinghouse Brake Co., Ltd. . York Road, King's Cross, Lmdon, 
N. 

Willcas, W. H., & Co., Ltd. . . 23, Southwark Street, London, 
S.E. 

WOson, Alex. 172, Fenchurch Street, London, 

E.C. 
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CLASSIFIED LIST OF MANUFACTURERS 
Wibon, J. H., & Co. . . . . Sandhills. Liverpool. 

Bore-Hole Puups. 

Batchelor, R. D 73, Queen Victoria Street, Lon- 
don. E.C. 

Duke & Ockraden tJttlehampton and London. 

Hayward-Tyler & Co 90, Whitecross Street, London, 

E.C. 

IsIct, C. & Co Bear Lane, Southwark Street, 

London, S.E. 

Le Grand & Sutcliffe .... 135, BunhiU Row, London. E.C. 

Mather & Piatt, Ltd Salford, Manchester. 

Matthews, Thomas .... Pendleton, Manchester. 

Richards, R., & Co Upper Ground Street. Black- 
friars, London, S.E. 

Bucket Pumps. 

Bailey. W. H., & Co., Ltd. . . . Albion Works,Salfonl, Manchester. 

Baxkley. Andrew. Sons & Co., Kilmarnock, N.B. 

Ltd. 

Beck & Co., Ltd 130, Great Suffolk Street, South- 
wark, London, S.E. 

Clay Cross Co Gay Cross, near Chesterfield. 

Davey, Paxman & Co., Ltd. . . Colchester. 

Duke & Ockenden .... Littlehampton and London. 

Edwards' Air Pump Syndicate, 3, Crown Court, Old Broad Street. 

Ltd. London, E.C. 

Evans, Joseph, & Sons . . . Wolverhampton. 

Fairbaim, Lawson. Combe, Bar- 52, Lime Street, London, E.C. 

ber, Ltd. 

Eraser & Chalmers. Ltd. ... 3, London Wall Buildings, Lon- 

dtm, E.C. 

Glenfield & Kennedy. Ltd. . . Kilmarnock. 

Hathom, Davey & Co. . . . Sun Foundry, Leeds, Y<H'kshire. 

Isca Foundry & Engineering Co. Newport, Mon. 

Isler, C, & Co. Bear Lane. Southwark Street, 

London, S.E. 

Jessop & Appleby Brothers. Ltd. Leicester. 

Le Grand & Sutcliffe .... 125, Bunhill Row, London, E.C. 

Lilleshall Co., Ltd. . . . ^ . . Oakengates, Shropshire. 

Mather & Piatt, Ltd Saliord, Manchester. 

Menyweather & Sons, Ltd. . . Greenwich Road, London, S.E. 

Nortii Eastern Marine Engineer- 'South Dock, Sunderland. 

ing Co., Ltd. 

Perry. T.. & Sons. Ltd. . . . Bilstrai, Staffordshire. 
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TRADE INQUIRY FORM.— TO BE TORN OUT. 

Name of Enquirer 

Address _ 

City. _ _ _ County 

Business __ _ _ _ 

Established {*''S!;Si} — - 

To the Secretary, 

National Engineering and Trade Lectures, 

Orchard House, Westminster, London, 

England. 
Or to— 

(Messrs. ^ 
_ _._ 
_ England. 

Please have sent to the above address, catalog:ues prices and other 
information concerning the machinery or goods enumerated below. 



^p^ Merchanis in all farts tf Ikt narld art invited to mate Jnt ust ^ Iktu farmt 
teMen Ihty disire in/armatien aioui milking madt in Gnat Brilain, inquirIbs 
> WITHOUT CHABCB, AND SHOULD ALWAYS BB OF A SPECIFIC— NOT 
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Dl\VEY6( 




LEEDS. 



VERTICAL TRIPLE- eXPAWSION PUnPING ENGINE. 



DU TIES OBTAINED iooo°iSTEAM 
LEEDs,(iiimimLLy)WATE'R WoRKsM'' Millions 
Melbourne. SewageWorksMS' Millions 
Odessa. Waterworks ISBf Millions 
'osARio, Water Works 16h Millions 
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ABSOLUTELY THE LATEST THING 
IN WRITING MACHINES. 



HAVE YOU SEEN THE NO. 5 DENSMORE? 

IF NOT I WHY NOT 7 

WHEN IT CAN BE SEEN AND TESTED FREE OF CHARGE 



Full Particulars on Application to 

DENSMORE TYPEWRITER COMPANY, 

18, HOLBORN VIADUCT, LONDON, 

62. MARKET STREET, MAMOHESTER, 

26 & 37, BOND STREET, LEEDS, 

3. CHERRY STREET, BtRMIMQHAM, 
37, DONEGAL STREET, BELFAST, 

187, WEST GEORGE STREET, QLASBOW, 

41, REFORM STREET, DUNDEE, 
56 & S7. SHANDWICK PLACE, EDIMBURQH, 

37. TITHEBARN STREET, LIVERPBBL, 

2, SMALL STREET. BRISTOL, 
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Clarke, Chapman 
^ & Co., Ltd. 

GATESHEAD-ON-TYNL 

Manufacturers of all Classes of 

Electrical Machinery 

AND 

Ships' Auxiliary Machinery 



Contractor* to 
British and For«ljni aovernments. 

5TEAM 

Wlndlatsts, WIndMf, Capitms, Cnnai. 
Main Feed Pumpi a Speciality. "Wowleion's 
Patent " Condemen, with Air and CImilatliv 
Pumpi, Donkey Bollere, Water Tube Boilen. 



EL ECTRIC 

Capatana, Cranes, 

Hauling Qears, 

WiDchea, 

Wiadlaaaea, 

Altematora, 

Dynamos 

Motors 

for 

Continuous 

3 -Phase Current, 
Combined Plants. 
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Messrs. Constable's List. 



5TEAM TURBINES. 

With an Appendix on the Gas Tarbines and the Futiue of Heat Engines, and 341 Cuts 
and 3 Uthograi^ Tables. By I>r. A, STODOL.V Price an. iwt. 

QAS ENGINE DESIGN. 

By C E. LUCKE, Ph.D., Mechanical Engineering Department, ColumUa Univewity. 
DcmySvo. Price 121. 6d. net. 

THE FLOW OP STEAM THROUGH N0ZZLE5 AND ORIFICES. 

Experimental Researches. By A. RATEAU. Price 41. 6d. net. 

MECHANICAL APPLIANCES. 

(Second Series). By GARDNER D. HISCOX, M.E. Fully Illustrated. Demy 8so. 
Price lu. 6tt. nel. 

AIBCHANICAL MOVEMENTS: Power, Devices and Appliances. 

■ (First Series). By GARDNER D. HISCOX. DeroySvo. Price lar. 6rf. nel. 

5TEAM PIPES: Their Design and Construction. 

By W. H. BOOTH. Fully Illustmted. Price St. net. 

COMPRESSED AIR: Its Production. Uses and Appliances. 

By GARDNER D. HISCOX, M.F-. Demy 8vo. Price toj. net. 

DIES: Their Construction and Use for the Modem Working ot 

Sheet MeUia. By pSEPH V. WOODWORTH. 34 Pages with 505 Illustra- 
tions. Demy Svo. Price 13/. W. net. 

SHOP KINKS 

A Book for Engineers and 

** The book [a Lndispenftable lo evfiry Machiniil and Practicat Ep^oecr." 

MAXWELL'S THEORY AND WIRELESS TELEGRAPHY. 

Parti! MAXWELL'S THEORY AND HERTZIAN OSCILLATIONS; By H. 
POINCARfe, Translated by K. VREELAND. Part II. : THE PRINCIPLES OF 
WIRELESS TELEGRAPHY ; By K. VREELAND. Price 101. 6rf. net. 

LIQUID FUEL AND ITS COMBUSTION. 

By W. H. BOOTH. With about 120 Illusiralions and Diagrams. Price 241. net. 

REINFORCED CONCRETE. 

By CHARLES F. MARSH, M.Inst.C.E. Fully IllustnUed. 311. 6if. net 

REFUSE DESTRUCTORS AND POWER PRODUCTION. 

By F. GOODRICH. Fully Illustrated. DemySvo. Priceaij.net. 

ELECTRIC FURNACES. 

By J. WRIGHT. Demy 8vo. Price &r. 6rf. net. 



ARCHIBALD CONSTABLE & CO., Ltd., 16, Jame.4 St., Haymarket, London. 
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NATIONAL ENGINEERING 
AND TRADE LECTURES. 

A PROJECT TO STIMULATE AND EXPAND BRITISH 

TRADE IN COLONIAL AND FOREIGN MARKETS BY 

MEANS OF ILLUSTRATED LECTURES. 



Obje 



)ject. 

' I ^HE primary object of this scheme of Lectures is to show Colonial 
■*■ and foreign buyers what progress Great Britain has made up to the 
present time in the manu^ture of all classes of machinery and goods. 
Each Lecture will emphasize novel points of design and utility, and up- 
to-date British methods of manu^cture, and these points will be graphic- 
ally illustrated in each Lecture, when delivered, by means of lantern 
slide views, and in the printed copies by means of reproductions of photo- 
graphs and drawings. 

Lectures now being prepared. 

The first British Industry to be dealt with is that of Engineering, 
and the following Lectures are now in course of preparation : — 
British Prafr**a in El«ctrical Work. 

Sis WiLtiAu H. PutRiF, K.C.B.. Put Pni'd»I at ihc Inititution nf Civil EnciiHur'. 

Britlah Presrww in Dynamo Knd Motor Conalruetlon. 

J. SW1N1.U1.B., P»51 Plexdtnl Initilulc of El«:m"l Entit.H». 

The Progreu of British Shlpbulldin«. 

SkUi'iiL J. P. TxiAii.E. Chiif Ship Surveyor. Lloydi' ReEHIct of Shipnini. Felloiir Royal 

British Progress in Mecbsnicsl Roatd Traction. 

Ciiu R. E. Cmmh-tox. M.iiTst.CK., Put Proidnit InsiiiuK Elecitica] EnEiivKn. 

British Progress in Stesm Generstion. 

Pkoi'. W. Rippei, M.i.Mech.E.. Author a[ SUa,^. Slt^-i Eagiiu r<ln"7 '-^ ''™-"n. dc 

Brlllsb Progress in Stenm Boiler Construction. 

F. J. Rowan, A M-lnitC E., M.I.E.S.. Author of r*( /"Mf/waZ/'V" "/'*' Wffrfm. Slnnt 
Bunir. etc. 

The Selection of Boilers. 

C. E. STROMi>'i!it, ChitF Ki<gin«r Manchntcr Sleam Ukk' Auodadon, Author of Mvcral Itnpor- 
lani xoik" on Ihc Cansimciiun, Cart, and Workins of Stum Boiltn. 

British Progress in Mschine Tool Manufacture. 

JUHH A^HFORU, M.l.Mech.li;., ha<.\\o< nX Lifht Latkti a-ul Scrc!<- MachiiLii, CK. 

British Progress In Municipal Engineering. 

Wii.i.iAU H. Maxmei.l, A.M.Inst.C.E., Prnident Insiiiuu Saniury EDiinnn, London. 

British Progress in Gas WorRs Plant sad Machinery. 

U. E, BnAisiNHiKv, t.E.. AuiKor ofMi^tm .VtH»fli f/Sm-m/f Laieur in Gas Wtrli. 

British Progress in Locomotive Practice. 

British Progress In Pumps and Pumping Engines. 

Phu.ip Bj.iKi.iM,, t;u^..i.lti.i« EnginK., Author of Pumjit : rktir C^tlructien bW Managtmrnf, 

British Progress In Steam Engine Construction. 

J. H. Dfil.ES, A.M.lnM.C.E., Author oUlitk Sf.at Enginl,, etc. 

British Workshops and their Equipment. 

Bks H. MniM-.AS, Kngin^erinK Tra-le- Commi.siuner lo South Africa, Amhor of .tf^tm BrUii/f 
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REPERTOIRE GENERAL 
DU COMMERCE. 

A Series of Encyclopsdias of International Trade. 

Each volume is printed in French and the language of the country dealt with 
in parallel columns, and forms an invaluable reference encyclopxdia of the trade 
and trading conditions existing between France and that countrj'. 

The size of each volume is Demy 4to. 

Each volume maj' be purchased singly. 

The following is a list of the volumes now in hand with their prices ; — 

Tha Unlt*d Statu-FrancB (iijopign) 31/. n«t, cloth bomrds SicikI EHiiia^naiaTtaJy 

Great Britain —France . - 21/. n*t, cloth bmrda S»nnt tf k^b^ 

rranch ColonUi —France - ■ 85/- net. la two vola. UlhtPnu 

Germanr —France . • 21/. net) .... tttady laac, 

ItalT "France . . 10/- net .... Siaaul Ediihn mne rraify 

Hollaad. Belgium —France . . 21/- net . ... 

Spain d Portusal —France . 

Auatrla, Runsair —France Rta4fy 1905 

Ruaala —France , 



Eich volu 


ne give. 


1 compare 


ve itu 


Ay of Fren 


ch commer 


cc with 


foreign nat 


on, and 


n the introduc 






aphic. 


map of the 




died, in 


1 1 deieriptio 


« of the 








ofFri 




i with that 


of other 


nation.. 




Tbe fir.t 




d part< con 




alphahetici 


orier the 


roducti 


which ire m 


can be 


tiporteil 10 ind 




eoimtry in 




, the cenlt 


> of production, de 


ail.a.toe«p 


ruind 


mporli, price., 


the co» 


ftran.part 


tariff^ 












The third 


pin cnmp 




f the p 


incipal hujren ind lell 


ri of each product. 




Thu. prov 


ded with 


ill infomi 




quired, a m 


erchant can 


reidily 


determine where the 




■t> for hi 


purpoM. 














The volun 
toiMrf under 


» .re pu 
ompiriio 


liihed in 1 
printed in 


■0 Jang 
parill 


I'g". "»" 


ly, in Fren 
and ill con 


handi 
lin five 


the linguag 
table) of con 


of the 
end, in 


Frencli, English 


Gem»n 


Span«h 1 


d lull 


n. Think 


lolhiiim 




he^//e./„W 






of pr.ctic 


ly univeru 


l»i1ue 












Thii piibl 


II ion ii 


nique. C 


mpilcd 




1I ind irui 


worthy 


document., 


cm be 


conlulted with 


advantage 


in ill coun 




ly ,11 me 


chanli md 


riders 


*ho will find 


therein 



The Rff€rti,irt Cf*/rml ii compiled by ipeciali.It, ind every care hat been tiken to .ecure 
iccuricy and to mike the work thoroughly comptehen.ive. 

It it the intention of the proprietor, petiodieally to itiue .uppleraentt, which will keep the 
in ormi ion up o . e. ^^y^^ PRESS OPINIONS. 

THE TIMES, August S'*, 1904- 

A GREAT ENCVCLOP^DIA. 
"Inihe HCDnd voiiimFofthenatiibJeKrieiiMDedby Li SociA^du R^pcilaire G«n«rald» Caminerce 
the tilde between ihe UniiEd Sine, and France u dealt with in deuil, and tb* Die of French and EoB- 
Il«li In parallel celanns reSMvee ■» llBMlatlc iHHIcaltk* Iran Its peroial. 

States and France are prstectlonUt coDDtrlea, there It ■ sreat deal ol Inrornatlon In the 
book on the reciprocal worklnv el tarltli, which will repay the pcraaal si all thoac Inter- 
eited in the aubfect whatever tliclr ladlvldual viewa may be.'^ 

THE WESTMINSTER GAZETTE, yu/^ jocA, 1904. 

A FRENCH ENCYCLOP-«DlA OF TRADE. 
' ubi one ol the moat latcrestlOK end veiuable sazettecra that have yet beea pro- 

l-hebook 



diKHl. 

ladlHl 

In the loineaa 



he book itielf » a BOOBBCnt ol exact end, one would hMO, frultlnl Indaetry. It 
to tnrn to any pase or lectlon ol the book wlthont flndint ODeaell abaerbed 
aa and Inlcreat ol the lalormation. One ii noi cmbanmed hy m imdequjie knawledea 
' .-.L_ ■--okilpul.lnhed jji parallel columns -French an the lefl, English on the 



. ... . ^ r latelllBence daparlnent. be 

the Intalilfenc* department that bntflah Indsatry haa broken down. 

" I'he appearance ol the coming volume on Entliah trade, whlLh M. Vignes 1 
■willed with a great deal mote Ihan curloiily, by buidnev. hfutc* eagiged in Fiend 
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